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Summary 
Summary 
influenced by the presence of metal cations as impurity in the sample. None 
of the dyes except ammonium purpurate and malachite green hampers the 
separation (Table 1). The exposure of sample to UV radiation also does not 
offer adverse effect on the separation of CPC from TritonX-lOO and Brij-35. 
Table 1: Effect of dyes on the separation of CPC from TX-lOO plus BJ-35 
Dye 
Bromopyrogallol red 
Ammonium purpurate 
Congo red 
Malachite green 
Saffranine 
Metanil yellow 
Light green 
Separation (Rp value) 
CPC 
0.04 
0.27 
0.03 
0.38 
0.22 
0.05 
0.07 
TX-lOO plus BJ-35 (1:1) 
0.71 
ND 
0.83 
ND 
0.75 
0.77 
0.81 
Chapter 3 describes thin layer chromatography of six anionic 
surfactants performed on kieselguhr layer with aqueous formic acid. The most 
favorable concentration of formic acid for the mutual separation of 
dodecylbenzene sulfonic acid and bis (2- ethylhexyl) sulfosuccinate was 
l.OM. Effect of nature of adsorbent on the mobility of surfactants was 
examined (Figure 1). The interference due to the presence of metal cations as 
impurities on the resolution of the mixture of surfactants was also observed. 
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Figure 1: Effect of nature of different stationary phases on the mobility of 
surfactants using l.OM aqueous formic acid 
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Chapter 4 summarizes the results of thin layer chromatographic 
behavior of cationic and nonionic surfactants on layers of chicken egg- shell 
powder. Various mixed aqueous-organic solvent systems were used as mobile 
phase systems. Amongst mobile phases used, 0.1 M aqueous solutions of 
ethyl methyl ketone and acetone were found suitable for the mutual separation 
of nonionic surfactants. Chicken egg shell layers impregnated with different 
concentrations of CUSO4 were also used for chromatography of nonionic 
surfactants and the results obtained on these layers have been compared with 
those realized on pure egg shell layer. Mutual separation of brij-35 and brij-57 
has been achieved successfully on the layer prepared from pure egg shell 
powder using O.IM aqueous acetone. ITie mutual separation of BJ-35 and BJ-
57 was also examined on different stationary phases using mobile phase O.IM 
aqueous acetone. BJ-35 and BJ-57 were successfully separated on pure egg 
shell powder as well as on synthetic egg shell powder prepared in the 
laboratory. The Rp values obtained on these stationary phases for the resolved 
spots are given in Table 2. 
Table 2: TLC systems tested for resolution of mixture containing BJ-35 and 
BJ-57 using O.IM aqueous acetone mobile phase 
S.No. 
1 
2 
3 
4 
5 
6 
, Stationary Phase 
Silica gel 
Kieselguhr 
Cellulose 
CaCOa 
Lab prepared 
egg shell powder 
Natural 
egg shell powder 
Rp value of mixture 
0.02 
0.03-0.08 
— 
— 
(0.80) (0.14) 
(0.98) (0.15) 
Remarks 
No separation 
No separation 
Single tailed spot 
'ingle tailed spot 
Separation 
Separation 
Chapter 5 describes thin layer chromatographic behavior of five 
cationic surfactants on silica HPTLC plates using different volume ratio of 
acetone and 10" '^  M methylene blue (MB) in IM aqueoas formic acid as 
(iii) 
Summary 
mobile phase systems. The separation of coexisiting cetylpyridinium chloride 
(CPC), tetradecyltrimethylammonium bromide (TTAB) and 
dodecyltrimethylammonium bromide (DTAB) has been successfully achieved 
at the volume ratio of 3:7 (acetone: 10" ^ MB) (Table 3). The behavior of 
different stationary phases towards the mobility of surfactants was also 
examined. Absorbance of freshly prepared mobile phase and after 12 hours of 
preparation was recorded in visible region (300nm to 665nm) by 
spectrophotometry to check the stability of the dye in the mobile phase. The 
limits of detection of CPC, TTAB and DTAB were determined. The influence 
of metal cations as well as anionic impurities on the separation of three-
component mixture of surfactants (CPC + TTAB + DTAB) was also 
examined. 
Table 3: Rp values and chromatographic system of the separated surfactants. 
Surfactant 
CPC 
CTAB 
TTAB 
Rp value 
0.07 
0.14 
0.23 
Mobile phase 
(acetone + 10 '*M 
Methylene blue) 3:7 
Stationary phase 
Silica gel 60 
HPTLC 
Chapter 6 encapsulates the migration behavior of cationic and nonionic 
surfactants on silica gel layers impregnated with 1% paraffin oil using various 
concentrations of dimethyl formamide (DMF) in double distilled water as 
mobile phases. For the mutual separation of cationic and nonionic surfactants, 
a mixture of DMF and double distilled water in 6:4 ratio was fourd mo t^ 
suitable. The migration behavior of surfactants on other layer materials 
(alumina, kieselguhr and cellulose) impregnated with 1% paraffin oil was al&o 
studied. The limits of detection of CPC and BJ-35 were 0.73 and 0.75 ^g 
respectively. To widen the applicability of the method, separation of CPC and 
BJ-35 fi-om a sample of fabric softener was also investigated. The influence of 
metal cations as well as anionic impurities in the separation of CPC and BJ-35 
was also examined (Figure 2). 
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Th^"(l), Cd2"(2), Cu'"(3), Cv\A\ Cr'"(5), Ag-^ (6), 804'- (7), P04'- (8), 
Mo04^"(9), SCN-(IO) and C r ( l l ) ,without impurity (12) 
Figure 2: Separation of CPC from BJ-35 on 1% paraffin oil impregnated 
silica TLC plate in the presence of foreign substances with M7 
Chapter 7 deals with the development of a new layer material 
consisting of silica gel impregnated with 1% aqueous solutions of different 
metal cations (Li^ Mg^^ Zn^^ Cu^^ Co^\ W^\ Ba^ a^nd Th"*^ ) for the 
analysis of nonionic and cationic surfactants using simple aqueous acetone as 
94-
mobile phase system. Co was found the most suitable impregnating agents 
for the mutual separation of nonionic surfactants (BJ-35 and BJ-57, BJ-35 and 
CW-20) (Table 4) and cationic (CPC and TTAB) from nonionic surfactants 
(BJ-35, TW-20 and CW-20). The mutual separation of BJ-35 and BJ-57 is not 
influenced by the presence of optical brightener in the sample. 
Table 4; Rp values and chromatographic system of the separated surfactantr. 
Surfactant 
BJ-57 
BJ-35 
BJ-57 
CW-20 
Rp value 
0.48 
0.91 
0.45 
0.78 
Mobile phase 
Acetone-water (1:1, 
v/v) 
Stationary phase 
9-1-
Co -silica 'ayer 
(V) 
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1.1 CHROMATOGRAPHY 
Chromatography is the most important separation method of analytical 
chemistry and has a history of nearly a complete century since the first 
description of the separation of leaf pigments on a solid stationary phase 
consisting of calcium carbonate. Chromatography has developed into an 
irreplaceable analytical separation technique with an overwhelming potential 
for a wide range of applications in many scientific disciplines, starting from 
biology; life science; organic chemical synthesis; study of natural raw materials 
such as oils and fats; separation of industrial raw materials, intermediates, and 
finished products; to environmental chemistry. Still now a days, diversity and 
efficiency of chromatographic methods seem to grow due to ongoing technical 
developments and refinements as well as the number and range of 
chromatographic applications. 
Chromatography is a word which is used to include large number of 
techniques in which mixture of substances are separated into the individual 
substances using a mobile phase to push the mixture along a stationary phase. 
In spite of the popular belief and general acceptances of the contribution 
of Tswett as being the real discoverer of chromatography (literally "color 
writing" from the Greek), the starting of chromatography predated to the work 
of F.F. Runge who investigated the separation of colored substances (i.e. -
dyes) on paper [1]. Chromatography was defined by Cassidy [2] as "a 
separation process applicable to essentially molecular mixtures which relies on 
distribution of the mixture between an essentially two dimensional or thin 
phase and one or more bulk phases which are brought into contact in a 
differential countercurrent manner''. The earlier work carried out by Goppels 
Roeder [3] and Schonbein [4] on chromatographic separation of substances on 
filter paper had been included in a report published by Fischer and Schmidner 
[5] in 1892. However, the concept of separation on columns may be attributed 
to Reed's work, which was followed by Day who separated petroleum fractions 
with the help of columns [6, 7]. The paper published in 1906 by M. Tswett, a 
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lecturer of Botany at the University of Warsaw provided the first description in 
nearly modem terms of chromatographic separation [8]. He realized the 
resolution of different components of pigments as colored bands (like spectrum 
of light rays) on a calcium carbonate column and he termed it as 
chromatogram. The actual importance of Tswett work remained dormant until 
about 1931, when separation of plant carotene pigments were reported by 
prominent organic chemist Kuhn [9,10]. In 1941, Martin and Synge [11, 12] 
laid another milestone in development of chromatography by reporting their 
discovery of liquid-liquid partition chromatography. 
1.2 CLASSIFICATION OF CHROMATOGRAPHY 
The chromatographic system can be classified according to (a) state of 
aggregation of the phases, (b) physical arrangement of the phase and (c) 
mechanics operating in the distribution equilibrium. 
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Table 1.1: Classification of Chromatographic Methods 
Techniques 
Gas Liquid Chromatography 
(GLC) 
Gas Solid Chromatography 
(GSC) 
Supercritical Fluid 
Chromatography (SFC) 
Liquid-Liquid 
Chromatography (LLC) 
Liquid Solid Chromatography 
(LSC) 
Thin - Layer Chromatography 
(TLC) 
Ion Exchange 
Chromatography (lEC) 
Size Exclusion 
Chromatography (SEC) 
Affinity Chromatography 
(AC) 
Bonded Phase 
Chromatography (BPC) 
Configuration 
Column 
Column 
Column 
Column 
Column 
Planar 
Column 
Column 
Column 
Column 
Stationary Phase 
Liquid 
Solid (Adsorbent, 
Molecular Sieve) 
Liquid or Solid 
Liquid 
Solid (Adsorbent) 
Liquid or Solid 
(Adsorbent) 
Solid (Ion 
Exchange Resin) 
Solid (Molecular 
Sieve) 
Solid (Ligand) 
Solid (Bonded) 
Mobile Phase 
Gas 
Supercritical 
Fluid 
Liquid 
Liquid 
Liquid 
Liquid 
Liquid 
Liquid 
Liquid 
Liquid 
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Since the work presented in this thesis is mainly based on the use of thin 
layer chromatography as separation technique, it is necessary to mention the 
salient features of this technique. The following pages are devoted to cover all 
the important aspects of the development and current state of art procedure of 
thin-layer chromatography as used for the analysis of surfactants. 
1.3 THIN LAYER CHROMATOGRAPHY 
Thin layer chromatography can be viewed as the planar variant of liquid 
chromatography, where the stationary phase is applied as a thin layer on a flat 
plate. The motion of the mobile phase is caused by the action of capillary 
forces. The start spot of the sample is transported with different velocity 
through the layer according to their different (adsorption or distribution) 
interactions with the stationary phase, resulting in an internal chromatogram. 
TLC is the most widely used chromatographic method because of the 
following reasons, (a) The availability of limited number of liquid 
chromatographs in research laboratories (b) Simplicity of the techniques (c) 
Possibility of simultaneous analysis of a large number of samples (d) Low cost 
and (e) The ease of operation by a researcher with little experience. 
Numerous publications on TLC applications attest to the versatility and 
applicability of this technique in all branches of science. It has opened new 
fields of exploration and become an inviolable aid to separation scientist. 
L4 HISTORY OF TLC 
Although column chromatography can be traced to its discoverer, the 
Russian botanist, Tswett in 1903 [13] it was not until 1938 that separations on 
thin-layers were achieved when Izmailov and Shraiber [14] looking for a 
simpler technique, which required less sample and sorbent, separated plant 
extracts using aluminium oxide spread on a glass plate. The sorbent was 
applied to a microscope slide as slurry, giving a layer about 2 mm thick. The 
sample (plant extracts) was applied as droplets to the layer. The solvent 
(methanol) was then added drop wise from above on to the applied spots and a 
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series of circular rings were obtained of differing colors on the layer. Circular 
TLC was bom, and Izmailov and Shraiber named this new technique "drop 
chromatography". In 1949 Meinhard and Hall used a starch binder to give 
some firmness to the layer, in order to separate inorganic ions, which they 
described as "surface chromatography" [15]. Further advances were made in 
1951 by Kirchner et al. [16] who used the now conventional ascending method, 
with a sorbent composed of silicic acid, for the separation of terpene 
derivatives, describing the plates used as "chromatostrips". In 1954, Reitsema 
[17] used much broader plates and was able to separate several mixtures in one 
run. Surprisingly, it was some time before the advantages of this development 
were recognised. However, from 1956 a series of papers from Stahl [18-21] 
appeared in the literature introducing "thin-layer chromatography" as an 
analytical procedure, describing the equipment and characterization of sorbents 
for plate preparation. According to Stahl, silica gel became well known, with 
plaster of Paris (calcium sulphate) being used as a binder and TLC began to be 
widely used. In 1962, Kurt Randerath's book on TLC was published [22], 
followed by those of Stahl and co-workers, entitled 'Thin-Layer 
Chromatography - A Laboratory Handbook (1965) [23], and Kirchner's, 
'Thin-Layer Chromatography' (1967) [24]. Then, in 1969 a 2"^ * edition of 
Stahl's book appeared which was greatly expanded [25]. These authors showed 
the wide versatility of TLC and its applicability to a large spectrum of 
separation problems and also illustrated how quickly the technique had gained 
acceptance throughout the world. (By 1965 Stahl could quote over 4500 
publications) [26]. With Stahl's publication the importance of factors such as 
controlling the layer thickness, layer uniformity, the binder level and the 
standardization of the sorbents as regards pore size and volume, the specific 
surface area and particle size, were recognized as crucial to obtaining highly 
reproducible, quality separations. 
Commercialization of the technique began in 1965 with the first pre-
coated TLC plates and sheets being offered for sale. TLC quickly became very 
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popular with about 400-500 publications per year appearing in the late 1960s 
as it became recognized as a quick, relatively inexpensive procedure for the 
separation of a wide range of sample mixtures. As the range and reliability of 
commercial plates/sheets improved, standard methods for analysis appeared 
throughout the industry. It soon became evident that the most useful sorbents 
was silica gel, particularly with an average pore size of 60 A and it was on this 
material that the commercial companies centered their attention. Modifications 
to the silica gel began with silanization to produce reversed-phase layers. This 
opened up a far larger range of separation possibilities based on a partition 
mechanism, compared with adsorption as used in most previous methods. Up 
to this time quantitative TLC was fraught with experimental error. However, 
the introduction of commercial spectro-densitometric scanners enabled the 
quantification of analytes directly on the TLC layer. Initially peak areas were 
measured manually, but later integrators achieved this automatically. The next 
major advance was the advent of HPTLC (High performance thin-layer 
chromatography). In 1973 Halpaap was one of the first to recognize the 
advantage of using a smaller average particle size of silica gel (about 5-6 mm) 
in the preparation of TLC plates. He compared the effect of particle size on 
development time, Rp values and plate height [27]. By the mid 1970s it was 
recognized that HPTLC added a new dimension to TLC as it was demonstrated 
that precision could be improved ten-fold, analysis time could be reduced by a 
similar factor, less mobile phase was required, and the development distances 
on the layers could be reduced [28]. The technique could now be made fully 
instrumental to give accuracy comparable with HPLC. Commercially the plates 
were first called "nano-TLC" plates by the manufacturer, (Merck), but this 
was soon changed to the designation "HPTLC". In 1977 the first major 
HPTLC publication appeared, simply called "HPTLC high performance thin-
layer chromatography" edited by Zlatkis and Kaiser [29]. In this volume 
Halpaap and Ripphahn described their comparative results with the new 5 x 5 
cm HPTLC plates versus conventional TLC for a series of lipophilic dyes [30]. 
Bonded phases then followed in quick succession. Reversed-phase HPTLC was 
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reported in 1980 by Halpaap et al. [31] and this soon became commercially 
available as pre-coated plates. In 1982 Jost and Hauck [32] reported an amino 
(NH2-) modified HPTLC plate, which was soon followed by cyano-bonded 
(1985) and diol-bonded (1987) [33] phases. The 1980s also saw improvements 
in spectrodensitometric scanners with full computer control becoming possible, 
including options for peak purity and the measurement of full UV/visible 
spectra for all separated componeftts. In recent years TLC/HPTLC research has 
entered the chiral separation field using a number of chiral selectors and chiral 
stationary phases. Only one type of chiral pre-coated plate is presently 
commercially available, which is based on a ligand exchange principle and is 
produced commercially either as a TLC or HPTLC plate. At the present time 
all steps of the TLC process can be computer controlled. The use of highly 
sensitive charge coupled device (CCD) cameras has enabled the 
chromatographer to electronically store images of chromatograms for future 
use (identity or stability testing) and for direct entry into reports at a later date. 
Commercially available HPTLC plates coated with especially pure 4-5 mm 
spherical silica gel have added further capabilities to the technique. 
Background interference has been reduced, and resolution further improved, 
which has enabled TLC to be hyphenated effectively with Raman 
spectroscopy. 
1.5 TLC METHODOLOGY 
TLC is an off-line process in which various steps illustrated in Figure 
LI are carried out independently. The basic TLC procedure involves the 
spotting of sample mixture (5-10 ^L) at about 2 cm above the lower edge of the 
TLC plate, drying the spot (usually at room temperature), development of plate 
with suitable mobile phase to a distance of 8-10 cm inside a cylindrical or 
rectangular closed chamber by ascending technique, withdrawing the plate 
from the developing chamber, drying the layer at room temperature to remove 
the mobile phase, detection of spots on TLC plates using suitable detection 
reagent, measurement of Rp values of the resolved spots and the quantitative 
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estimation of the analyte after extraction from the layer with suitable extractant. 
The differential migration of components results due to varying degrees of 
affinity of the components in a mixture for stationary and mobile phases. 
Sample Preparation 
Crude extract 
Sample Purification 
Spotting 
Sample Application 
One or two dimensional 
Plate Development 
Room temperature 
Plate Drying 
Visual reagent spray, UV 
Scanning 
Zone Detection 
Evaluation or recording 
Documentation 
Figure 1.1: Scheme of Typical Thin- Layer Chromatographic Process 
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1.6 PRINCIPLE AND TECHNIQUES 
In TLC, separation of components in a mixture is achieved by 
optimizing the experimental conditions. The desired separation can be achieved 
by proper selection of adsorbent (stationary phase) and solvent (mobile phase). 
Sample Preparation 
Standard methods for sample preparation, identification and separation 
of analyte present in a variety of samples such as plants, food, biological, 
geological and environmental samples have been reported. In general, solutions 
of the surfactants are prepared by dissolving appropriate weights in methanol to 
give concentrations of 1% (lg/100 mL). 
TLC Plate Preparation or Coating Procedures 
The contemporary trend is of using commercially available pre-coated 
plates. The manual preparation of layers involves the coating of slurry of the 
adsorbent (silica gel, alumina and kieselguhr) on glass, aluminium or plastic 
sheet (20x20 or 20x10 cm) with the help of TLC applicator. The thickness of 
dried layer for analytical purposes is kept to 0.2 - 0.3 mm. A binder (starch, 
gypsum, dextrin or polyvinyl alcohol) is usually added to the layer material 
provide better adhesion, mechanical stability and durability. 
Sample Application 
Sample application is one of the most important steps in the 
technology of TLC. Improperly applied samples result in poor 
chromatograms. Sample can be applied as spot or streak using 
micropipette, microsyringe, melting point capillaries etc. A number of 
automatic spotters of varying design are available for sample application. 
The nanoapplicator (Nanomat) is an example of micrometer controlled 
syringes which has a dynamic volume range of 50-230 nL. Another 
applicator (Linomat) allows sample application in narrow bands. The 
application of sample as streak or band provides more efficient 
separations. The sample should be completely dried before placing the 
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plate in the developing chamber. Dilute solutions can be applied to the 
layer either with sorbent drying between successive applications or after 
bringing the sample solution to proper concentration. 
Development Modes 
The process of migration of mobile phase through the sorbent 
layer to effect separation of the sample substance is called development. 
Ascending development has been the most commonly used mode of 
development in TLC. Other development modes such as multiple, 
stepwise, circular two-dimensional and reversed-phase partition 
development have also been used to limited extent. The distance for the 
migration mobile phase has been kept to 10-12 cm for conventional TLC. 
While performing the development one should take care of the angle of 
the development and saturation of chamber apart from other factors. 
1.7 CHROMATOGRAPHIC SYSTEMS 
The stationary and mobile phases together comprise the 
chromatographic system. The proper selection of stationary and mobile 
phase conditions decides the degree to which effective separations of 
components in a mixture can be achieved. 
Stationary Phase (Sorbent Layer) 
A large number of sorbents are available which can be used in 
TLC. In fact no perfect adsorbent has been found, some have great 
retaining power whereas others hold the adsorbate loosely. The 
adsorbing power of a substance varies greatly according to its particle 
size, method of preparation, activation process etc. 
A good adsorbent should possess the following characteristics: 
1. The adsorbent must not chemically interact with the material being 
investigated. 
2. The color of the adsorbent should be such that it does not interfere 
with the chromatogram, preferably it should be colorless. 
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3. The adsorbent should be insoluble in the solvent to be used. 
4. It should be non-catalytic i.e. should not catalyze the 
decomposition of the substances. 
5. The physical and chemical properties of one adsorbent should not 
change under the experimental condition. 
Silica gel, an amorphous and porous sorbent has been the most 
preferred layer material followed by alumina and cellulose. Thin layers 
of silica gel G (gypsum binder) and silica gel S (starch binder) with or 
without, "fluorescent indicator" have been used more frequently. Silica 
gel is slightly acidic in nature. At the surface of silica gel the free 
valencies of the oxygen are connected either with hydrogen (Si-O-H, 
silanol groups) or with another silicon atom (Si-O-Si, siloxane groups). 
The silanol groups represent adsorption active surface centers that are 
able to interact with solute molecules. On the other hand, alumina 
(aluminium oxide) is basic and is more reactive than silica gel. 
Adsorption is the separation mechanism in both silica gel and alumina. 
Cellulose, an organic material is used as a sorbent in TLC when it is 
convenient to perform a given paper chromatographic separation by TLC 
with decreased development time and increase in the sensitivity of 
detection. Kieselguhr is chemically neutral sorbent which consists of 
SiOz (90%) and about 10% of AI2O3, FejOs, MgO, K2O, CaO and TiOj in 
different proportions. Kieselguhr has very low surface activity and hence 
used mostly to separate herbicides and aflatoxins in a partition 
chromatographic mode. Alumina (aluminium oxide, AI2O3) is also 
widely used as a sorbent. It is more reactive than silica gel, but for a 
given layer thickness it will not separate quantities of material as large 
as can be separated on silica layer. Chromatographic properties of 
alumina are influenced by the adjustment of pH value. 
The various types of sorbent layers presently in use may be 
broadly clubbed together as follows: 
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Non-surface Modified Layers or Untreated Sorbents 
The sorbent phases used in the non-modified form include silica 
gel G, silica gel H, silica gel LS, acidic and neutral alumina, cellulose, 
polyacrylonitrile etc. 
Impregnated or Treated Sorbents 
Some of the impregnated adsorbents used as layer material 
include: silica gel impregnated with aqueous inorganic salt solutions 
[34]; acid treated silica gel; silica gel impregnated with chlorobenzene, 
high molecular weight amines, tributylamine, tributyl phosphate, 
chelating agents such as EDTA, ammonium rhodenate or mixture of 
alizarin red S and aliquot 336; silica gel impregnated with optically pure 
(-) -quinine [35]; silica gel impregnated with surfactants, mono-(2-
ethylhexyl) acid phosphate or p-toludine and silufol impregnated with 
5% paraffin oil. 
Chemically Modified or Bonded Sorbents 
Chemically bonded layer materials of similar properties were 
developed for safer use as stationary phase. Some of the examples are: 
lipophillic C]8-bonded silica gel phases, aminopropyl silica gel (NH2), 
octadecyl silica gel (Cig) and surface modified cellulose like ECTEOLA 
(a reaction product of epichlorohydrin triethanolamine and alkali 
cellulose). 
Inorganic Ion-Exchangers 
Apart from silica and alumina, other inorganic ion-exchangers 
have also found useful in TLC. Besides many others, the use of stannic 
silicate, zirconium phosphoantimonate, zinc ferrocyanide, stannic 
sulfosalicylate, binder free zirconium (iv) antimonite and hydrous 
antimony (v) oxide as layer material has also been reported. 
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Mixed Sorbents 
The binary layers that have been used include silica gel-
microcrystalline cellulose (MCC) containing NH4NO3, silica gel G-
MCC, silica gel-inorganic ion-exchange gels or Zr (iv) antimonite, MCC-
modified silica gel H, silica gel-alumina or antimonic acid and 
kieselguhr-cellulose. 
Miscellaneous Sorbents 
These materials include silufol; silufol UV 254; silufol with a 
layer of silica gel; chicken egg shell powder; baggase powder; soil; soil-
fly ash; soil treated with neutral, alkaline and saline solutions; soil mixed 
with silica gel, kieselguhr and chitin etc. Enantiomers of amino acids 
were successfully separated on chitin and transition metals impregnated 
chitin layers [36]. 
Mobile Phase (Solvent System) 
In TLC, the separation of ions is usually governed by the physical 
interactions of the adsorbent and the coordinative properties of the 
mobile phase. The mixture of organic solvents containing some aqueous 
acid, base or a buffer is, in general well suited for the separation of ionic 
species whereas anhydrous organic solvents and water containing mobile 
phases have been found more useful for separating nonionic species. 
Mobile phase should be as simple as possible and prepared from the 
purest grade of solvent. The use of mixtures composed of more than four 
components of mobile phase should be avoided because of problems 
associated with reproducible preparations. In contrast to mobile phases 
of higher volatility, which are capable to evaporate quickly from the 
sorbent layer, better reproducibility is achieved with mobile phases of 
lower volatility. The mobile phases used as developers in TLC may be 
categorized into following groups. 
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Inorganic Solvents 
Solutions of mineral acids, bases, salts and mixtures of acids, 
bases and / or their salts. 
Organic Solvents 
Acids, bases, hydrocarbons, alcohols, amines, ketones, aldehydes, 
organophosphates and their mixture in different proportions. 
Mixed Solvents 
Above mentioned organic solvents mixed with water, mineral 
acids, inorganic bases or dimethyl sulphoxide and buffered salt solutions. 
Separation of vitamin B complex and folic acid was achieved using 
acetonitrile-borate buffer and acetonitrile methanol as mobile phase [37]. 
1.8 VISUALIZATION 
Physical, chemical, enzymatic or biological detection methods are 
commonly used in TLC. A book by Jerk et al. [38] is an excellent source 
of general information about physical and chemical methods of 
detection. Physical methods of detection involve the use of spectroscopy 
(autoradiography), X-ray fluorescence and UV radiation etc. Among 
physical methods, visualization under UV-light is most common. The 
chemical detection methods involve the spraying of plates with a suitable 
reagent, which forms colored compounds with the separated species. 
Alternatively, the reagent can also be taken in the mobile phase or in the 
adsorbent. In some cases, the detection is completed by inspecting the 
TLC plate after spraying with a suitable detection reagent under UV-
light. Both selective and non-selective reagents may be used depending 
upon the requirement. However, reagents giving sufficiently sensitive 
color reactions with several species are generally preferred. The 
biological detection methods (bio-autography) are useful for specific 
detection of compounds with a certain physiological activity. An 
example is the detection of antibiotics on TLC plates using triphenyl-
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tetrazolium chloride and a microorganism that is sensitive to the 
antibiotic to be detected. Similarly, to detect antifungal compounds by 
TLC inhibition of fungal growth was assessed by the detection of 
dehydrogenase activity with thiazolyl blue. In addition to these 
techniques, enzyme inhibition, immunostaining and flame ionization 
detection methods have also been used. 
1.9 QUALITATIVE ANALYSIS 
(a) Identification 
In TLC the identification of separated compounds is primarily based 
on their mobility in a suitable solvent, which is described by the Rp 
value of each compound. Where, 
Distance of solute motion from the origin 
Rp= 
Distance of solvent motion from the origin 
The factors which influence the magnitude of Rp are nature of 
sorbent and mobile phases, layer thickness, activation temperature, 
sample volume, chamber saturation, relative humidity and mode of 
development technique. Another term RM which is the logarithmic 
function of the Rp value [i.e. RM = log (l/Rp - 1)] is more useful as it 
bears a linear relationship to some TLC parameters or structural element 
of the analyte. However, in case of continuous and multiple 
developments, where the solvent front is not measured, the term Rx is 
used. 
Distance moved by solute 
R X 
Distance moved by standard 
Rp value ranges from 0.0 for a zone not leaving the point of 
application to 0.999 (^1.0) for zone migration with solvent front. Unlike 
Rp, Rx value can be greater than 1.0. 
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(b) Separation 
When two or more analytes have differential migration with the 
same chromatographic system, they are mixed thoroughly; the mixture is 
spotted on the TLC plate and chromatographed. The separated 
components of mixture are detected and their Rp values are recorded. 
Some of the basic requirements for a good separation are (a) each spot 
should be compact (RL - RT < 0.3), (b) the difference in Rp values of two 
adjacent spots should be at least 0.1, (c) No complexation should occur 
between/among separable species and (d) Chromatography of individuals 
and the mixture should be performed under identical experimental 
conditions. 
1.10 QUANTITATIVE ANALYSIS 
The three main approaches related to quantitation TLC include 
visual estimation and spot-size measurement, zone elution and in-situ 
densitometry. 
Visual Estimation and Spot-Size Measurements 
This is the simplest method of semi quantitative analysis. TLC 
plates with a definite sample aliquot along side standards containing 
known weights of analyte are simultaneously developed. After detection, 
the weight of analyte in the sample is estimated by visual comparison of 
the size and intensity of the standards and sample zones. The visual 
comparison works well if the applied amounts of sample are kept close to 
the detection limit and the sample is accurately bracketed with standards. 
The accuracy and reproducibility of this method falls in the range of 10-
30%. 
To standardize the quantification methods in TLC, Mohammad 
and Fatima [39, 40] Mohammad and Tiwari [41], Nanda and Devi [42] 
and Mlodzikowski [43] have established a linear relationship between 
the size of the spot and the amount of the analyte. 
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Zone Elution 
The zone elution method involves (a) drying the layer (b) locating the 
separated analyte zones (c) scrapping the portion of layer containing the 
analyte (d) collecting the sorbent and (e) measurement against standards by an 
independent micro analytical method such as solution spectrometry, GC or 
voltammetry. Zone elution method is tedious and time consuming and is likely 
to be inaccurate; these errors are minimized if standards and samples are 
chromatographed. 
Scanning Densitometry 
In situ measurement of zones with a scanning densitometer is the 
preferred technique for quantitative TLC. Substances separated by TLC or 
HPTLC are quantified by in situ-measurement of absorbed visible or UV light 
or emitted fluorescence upon excitation with UV light. Modem optical 
densitometric scanners are linked with computer. Computer controlled 
densitometers may provide many functions such as automatic peak location and 
optimization, recording of spectra, multiwavelength scanning. With good 
quality HPTLC plates and regularly shaped and well resolved zones, basic 
single beam, and single wavelength scaiming with almost any commercial 
densitometer is capable of producing satisfactory quantitative results. A double 
beam densitometer equipped with a TLC scanner, an integrator and a micro 
computer has been used for simultaneous determination of light rare earths in 
monazite sand and the CAMAG turner fluorometric scanner was used for the 
estimation of cadmium ions. 
1.11 ADVANTAGES OF TLC 
TLC is the most versatile and flexible chromatographic method 
because of the following advantages: 
(a) It is rapid because pre-coated layers are available for use as 
received, without preparation. 
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(b) The automated sample applications and developers allow high 
accuracy and precision in quantification. 
(c) There is a wide choice of layers, developers and detection 
methods. The wide choice of detection reagents leads to 
unsurpassed specificity. 
(d) Less pure samples can be successfully analyzed, as the layers are 
normally not reused. 
(e) Being an "offline" method, different steps of the procedure are 
carried out independently. 
(f) Possibility of simultaneous analysis of large number of samples. 
(g) Wider choice of stationary and mobile phases, 
(h) Disposable nature of TLC plates, 
(i) Possibility of direct observation of colorful reactions on TLC plates. 
L12 COMBINATION OF TLC WITH OTHER ANALYTICAL 
TECHNIQUES 
The careful combination of TLC with other analytical techniques 
is more useful to collect information regarding the analysis of a complex 
sample. Spectrophotometry, high-performance liquid chromatography 
(HPLC) and gas chromatography (GC) in conjugation with TLC are the 
three most widely used techniques. However, mass/GC, infrared and 
thermal analytical techniques in combination with TLC has also been 
used. One of the newest techniques used in combination with TLC is 
photo acoustic spectrometry, which is capable to locate compounds in-
situ on the plate. Issaq and Barr [44] combined TLC with flameless 
atomic absorption spectrometry (FAAS) to identify an inorganic 
compound in an impure organometallic complex and to determine the 
recovery and purity of organometallic samples. 
The examples cited above reveal, how the separation methods of 
TLC complement the analytical methods necessary for the absolute 
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identification of a substance. TLC provides an excellent purification 
method for separating a substance of interest from other contaminants in 
the sample. Analytical techniques can then be applied to identify the 
separated substances. 
1.13 SURFACTANT 
In English the term surfactant (short for surface-active-agent) 
designates a substance which exhibits some superficial or interfacial activity. In 
other languages such as French, German or Spanish the word "surfactanf does 
not exist, and the actual term used to describe these substances is based on their 
properties to lower the surface or interface tension, e.g. tensioactif (Yrench), 
tenside (German), tensioactivo (Spanish). Surfactant was originally registered 
as a trademark for selected surface active products [45] and later it was released 
to the public domain [46]. Soaps (salt of fatty acids containing at least eight 
carbon atoms) and detergents are surfactants whose solutions have cleansing 
properties. Surfactants are amphipathic molecules that consist of a non-polar 
hydrophobic portion, usually a straight or branched hydrocarbon or 
fluorocarbon chain containing 8-18 carbon atoms, which is attached to a polar 
or ionic portion (hydrophilic). The hydrophilic portion can be nonionic, ionic 
or zwitterionic. The hydrocarbon chain interacts weakly with the water 
molecules in an aqueous environment, whereas the polar or ionic head group 
interacts strongly with water molecules via dipole or ion-dipole interactions. It 
is the strong interaction with the water molecules that renders the surfactant 
soluble in water. However, the cooperative action of dispersion and hydrogen 
bonding between the water molecules tend to squeeze the hydrocarbon chain 
out of the water and hence these chains are referred to as hydrophobic. 
Surfactants, when present at low concentration in a system, have the 
property of adsorbing onto the surface or interfaces of the system. The term 
interface indicates a boundary between any two immiscible phases: the term 
surface denotes an interface where one phase is a gas, usually air. The 
interfacial free energy is the minimum amount of work to create unit area of the 
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interface or to expand it by unit area. The greater the dissimilarity in the nature 
of the two phases at the interfaces, the greater the interfacial (or surface) 
tension between them. 
Most of the surfaces are negatively charged. Therefore, if the surface is 
to be made hydrophobic (water-repellant), then the best type of surfactant to 
use is a cationic surfactant, which will adsorb onto the surface with its 
positively charged hydrophilic head oriented towards the negatively charged 
surface (electrostatic attraction) and its hydrophobic group oriented away from 
the surface, making the surface water-repellant. The cationic surfactants should 
be avoided, if the surface is to be made hydrophilic (water-wettable). If the 
surface is positively charged, then anionic surfactants will, make it 
hydrophobic. The use of anionic surfactants should be avoided if the surface is 
to be made hydrophilic. Nonionic surfactants adsorb onto surfaces with either 
the hydrophilic or the hydrophobic group oriented toward the surface, 
depending upon the nature of the surface. If polar groups capable of H-bonding 
with the hydrophilic group of the surfactants are present on the surface, the 
surfactant will probably be adsorbed with its hydrophilic group oriented 
towards the surface, making the surface more hydrophobic. If such groups are 
absent from the surface, and then the surfactant will probably be oriented with 
its hydrophobic group towards the surface, making it more hydrophilic. 
Zwitterionic surfactants carry both positive and negative charges without 
changing the charge of the surface significantly. 
The hydrocarbon-based surfactants, on substituting with fluorocarbon 
into its structure create a molecule that is resistant to oxidation. Because of the 
smaller size of fluorine compared to the hydrogen atom, the fluorocarbon 
surfactants are more rigid in structure. They show strong surface tension 
lowering action, high water and oil repellency, better thermal and chemical 
resistance and good lubricating ability [47]. An application of hybrid fluoride-
hydrogen containing surfactant is in water-based paints. Adding silicon into 
fluorine containing surfactants creates high quality lubricants, good defoamers 
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and even molecules with a high anti-HIV (Human Immuno Deficiency Virus) 
activity [47]. There is also a group of surfactants known as microbial or 
biosurfactants, which have some very interesting and complicated structures. 
The production of biosurfactants is expensive compared to chemically 
synthesized surfactants [48, 49]. 
The most exciting developments in the field of surfactant chemistry are 
the emergence of the Gemini surfactants in the late 1980s and early 1990s. 
The term Gemini surfactants, coined by Menger [50], has become accepted in 
the surfactant literature for describing dimeric surfactants, that is, surfactant 
molecules that have two hydrophilic groups and tails per molecule [50, 51]. 
These twin parts of the surfactants are linked by a spacer group of varying 
length (most commonly a methylene spacer or an oxyethylene spacer). 
Gemini surfactants posses a number of superior properties when 
compared to conventional single-headed, single-tailed surfactants, the Gemini 
surfactants tend to exhibit lower critical micelle concentration (cmc) values, 
increased surface activity and lower surface tension at cmc, enhanced solution 
properties such as hard water tolerance, superior wetting times and lower kraft 
points. Because of these advantageous performances of Gemini surfactants 
one can anticipate their usefulness in a myriad of surfactant applications (e.g. 
soil remediation, oil recovery and commercial detergents), given a favorable 
cost/performance ratio. 
1.14 CLASSIFICATION OF SURFACTANTS 
Depending upon the nature of the hydrophilic group, surfactants are 
classified as anionic, cationic, nonionic and zwitterionic surfactants. 
Anionic Surfactants 
Anionic surfactants dissociate in water in an amphiphilic anion, and a 
cation, which is in general an alkaline metal (Na^ K )^ or a quaternary 
ammonium. They are the most commonly used surfactants. They include 
alkylbenzene sulfonates (detergents), fatty acid (soaps), lauryl sulfate (foaming 
agent), di-alkyl sulfosuccinate (wetting agent), lingosulfonates (dispersants) 
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etc. Anionic surfactants account for about 50% of the world production. These 
are the most widely used class of surfactants in industrial applications [52, 53]. 
Due to their relatively low manufacturing cost anionic surfactants are used in 
practically all types of detergents. The anionic surfactant is the reaction product 
of an organic compound (high molecular weight acid or alcohol) with an 
inorganic compound (sodium hydroxide or sulfuric acid), wherein the surface 
active portion bears a negative charge. For example, soap (anionic surfactants) 
has the following structure: 
(C„H23)CO-Na^  
Similarly the reaction product of a long chain alcohol and sulfuric acid, 
neutralized with sodium hydroxide has the following structure: 
(CiiH23)OS03-Na^  
The anionic surfactants have the advantage of being high and stable 
foaming agents; however, they do have the disadvantage of being sensitive to 
minerals and the presence of minerals in water (water hardness) or pH changes. 
Types of Anionic Surfactants 
1. Carboxylic acid salts: 
• Sodium and potassium salts of straight chain fatty acids, RCOO'M^ 
(soap) 
• Sodium and potassium salt of coconut oil fatty acids 
• Sodium and potassium salts of tallow acids 
• Amine salts 
• Acylated amino acids 
• Acylated polypeptides 
• Polyoxyethylenated (POE) fatty alcohol carboxylates (alkyl ether 
carboxylates), RO (CH2CH20)xCH2COOM (x = 4, usually) 
Sulfonic acid salts: 
• Linear alkylbenzenesulfonates (LAS), RC6H4S03'^ ]Vr 
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Higher alkylbenzenesulfonates, C13-C15 
Benzene -, toluene -, xylene - and cumene-sulfonates 
Lignin sulfonates 
Petroleum sulfonates 
N-acyl-n-alkyltaurates,RCON(R')CH2CH2S03'''M^ 
Paraffin sulfonates, secondary n-alkane sulfonates (SAS) 
a-olefin sulfonates (AOS) 
Amylalkanesulfonates,R(CH2)mCH(OR')(CH2)nS03' 
Sulfosuccinate esters, ROOCCH2CH(S03'Ivr)COOR 
Alkyldiphenyl ether (di) sulfonates (DPES), RC6H3(S03" 
Na'')OC6H4S03'Na"' 
Alkyl naphthalene sulfonates 
Naphthalenesulfonic acid-formaldehyde condensates 
Isothionates, RCOOCH2CH2S03"Nf 
2. Sulfuric acid ester salts: 
Sulfated primary alcohols (AS), ROSOs'M^ 
Sulfated polyoxyethylated (POE) straight chain alcohols (AES), 
R(OC2H4)xS04-M^ 
Sulfated triglyceride oils (sulf[on]ated oils) 
Fatty acid monoethanolamide sulfates, RCONHCH2CH20S03Tsfa^ 
Polyoxymethylenated (POE) fatty acid monoethanolamide sulfates, 
RCONHCH2CH20(CH2CH20)2S03'Na^ 
3. Phosphoric acid andpolyphosphoric acid esters, R(OC2H4)xOP(0)(0'M^)2 
and lR(OC2H^xOhP(0)(yM' 
4. Flourinaied anionics: 
• Perfluorocarboxylic acids 
• Fluorinated polyoxyethanes 
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Cationic Surfactants 
Cationic surfactants are dissociated in water into an amphiphilic cation 
and an anion, most often of the halogen type. A very large proportion of this 
class corresponds to nitrogen compounds such as fatty amine salts and 
quaternary ammoniums, with one or several long chain of the alkyl type, often 
coming from natural fatty acids. These surfactants are in general more 
expensive than anionics, because of the high pressure hydrogenation reaction to 
be carried out during their synthesis. As a consequence, they are only used in 
two cases in which there is no cheaper substitute, i.e. (1) as bactericide, (2) as 
positively charged substance which is able to adsorb on negatively charged 
substrates to produce antistatic and hydrophobant effect, often of great 
commercial importance such as in corrosion inhibition. These surfactants are 
formed when alkyl halides react with primary, secondary or tertiary fatty 
amines. The surface active portion bears a positive charge as shown below: 
C16H33N" (CH3)3Br-
Cetyltrimethylammonium bromide 
These surfactants reduce surface tension and are used as wetting agents 
in acid media. However, a disadvantage of cationic surfactants is that they have 
no detergent action when formulated into an alkaline solution. They are 
incompatible with most anionic surfactants, but they are compatible with 
nonionic and zwitterionics. 
Because of their tendency to adsorb at negatively charged surfaces, 
cationic surfactants have several important applications such as anticorrosive 
agents for steel, flotation collectors for mineral ores, dispersants for inorganic 
pigments, antistatic agents for plastics, hair conditioners, fabric softeners, 
anticaking agent for fertilizers and as bactericides. 
Types of Cationic Surfactants 
1. Long chain amines and their salts, RN^HsX 
2. Acylated diamines andpolyamines and their salts 
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3. Quarternary ammonium salts 
• N-alkyltrimethylammonium chlorides, RN^(CH3)3Cr 
• N-benzyl-n-alkyldimethylammonium halides, RN^(CH2C6H5)(CH3)2Cr 
• Dialkyl dimethylammonium salts, R2N^(CH3)2Cr 
• Imidazolium salts 
CH3 
I 
N,-CH2 
R-c' ', '^ CH3SO4" 
N-CH2 O 
I II 
CH2CH2NHCR 
• Triethanolamine ester quats (TEAEQ), 
R(02CH2CH2)2N^(CH3)CH2CH20H.CH3S04' 
4. Polyoxyethylenated (POE) long chain amines, RN[(CH2CH20)xH]2 
5. Quarternized POE long chain amines, 
6. Amine oxides, RN^(CH3)20' 
Nonionic Surfactants 
Nonionic surfactants do not ionize in aqueous solution, because their 
hydrophilic group is of a non-dissociable type, such as alcohol, phenol, ether, 
ester, or amide. A large proportion of these nonionic surfactants are made 
hydrophilic by the presence of a polyethylene glycol chain, obtained by the 
polycondensation of ethylene oxide. They are called polyethoxylated 
nonionics. 
In the past decade glucoside (sugar based) head groups, have been 
introduced in the market, because of their low toxicity. As far as the lipophilic 
group is concerned, it is often of the alkyl or alkylbenzene type, the former 
coming from fatty acids of natural origin. The polycondensation of propylene 
oxide produce a polyether which (in opposition to polyethylene oxide) is 
slightly hydrophobic. These surfactants have a hydrophobic/ hydrophilic 
balance and hence there is neither a negative nor a positive charge on either 
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part of the surfactant molecule. These surfactants have the advantages of being 
not affected by water hardness or pH changes. They are considered as medium 
to low foaming agents and are useful when a very low foaming surfactant is 
required. The chemical structure of a nonionic surfactant in the (reaction 
product of lauryl alcohol and ethylene oxide) is shown below: 
C,2H25-(OCH2CH2)x-OH 
Nonionics are compatible with all other types of surfactants generally 
available as 100% active material free of electrolyte. POE nonionics are 
generally excellent dispersing agents for carbon. 
Types of Nonionic Surfactants 
1. POE alkylphenols, alkylphenol "ethoxylates" (APE), RC^4(OC2H^/)H 
2. POE straight chain alcohols, alcohol *'ethoxylates" (AE), R(OC2H4)xOH 
3. POE polyoxypropylene glycols 
4. POE mercaptans, RS (C2H40)JI 
5. Long chain carboxylic acid esters 
• Glyceryl and polyglyceryl esters of natural fatty acids 
• Propylene glycol, sorbitol and POE sorbitol esters 
• Polyoxyethylene glycol esters and polyoxyethylenated (POE) fatty acids 
(including tallow oil) 
7. Alkanolamine "condensate", alkanolamides 
• 1:1 alkanolamine fatty acid "condensates" 
• 2 : 1 alkanolamine fatty acid "condensates" 
8. POE silicanes 
9. N-alkylpyrolidones 
10. Alkylpolyglycosides 
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Zwitterionic Surfactants 
These surfactants contain both cationic and anionic groups [54]. They 
are compatible with all other types of surfactants less irritating to skin and eyes 
and adsorbed onto the negatively or positively charged surfaces without 
forming hydrophobic film. The main characteristic feature of zwitterionic 
surfactants is their dependence on the pH of the solution in which they are 
dissolved and hence on this basis they are subdivided into two groups as 
follows: 
1. pH sensitive zwitterionics 
These are ampholytic materials, which may show the properties of anionics 
at high pH and those of cationics at low pH. In the vicinity of their isoelectric 
point, they exist mainly as zwitterionic and show minimum solubility in water 
and minimum foaming, wetting and detergency. 
• P-N-alkylaminopropionic acids, RlsTHsCHjCHaCOO' 
• N-alkyl- P-iminodipropionic acids, 
CH2COO" 
RNH 
CH2COOH 
• Imidazoline carboxylates, 
R' 
I 
N-CH2 
R - C ^^-
N-CH2 
I 
CH2COO 
• N-alkylbetaines, RN^(CH3)2CH2COO' 
• Amidoamines and amidobetaines 
• Amine oxides, RK'(CH3)20 
2. pH insensitive zwitterionics 
These materials are zwitterionics at all pH values. 
• Sulfobetaines, sultaines, RN (^CH3)2(CH2)xS03" 
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1.15 APPLICATIONS OF SURFACTANTS 
Surfactants find widespread importance in the detergent industries, 
emulsification, lubrication, catalysis, tertiary oil recovery and in drug delivery. 
In analytical chemistry, surfactants have been recognized as being very useful 
for improving analytical methodology e.g. in chromatography and 
luminescence spectroscopy [55, 56]. Aqueous surfactant micellar systems have 
been utilized successfully in virtually every area of analytical chemistry. 
Separation applications, for example, have utilized micellar phases as mobile 
phase additive in thin layer chromatography, HPLC and capillary 
electrophoresis (CE). In addition, several myriad of techniques have been 
developed that utilize the solubilization capacity of micelles in purification, 
pre-concentration and extraction processes [57]. Some of the important uses of 
surfactants in analytical chemistry are summarized below: 
1. Micellar mobile phases were used for the separation of a mixture of 
polycyclic hydrocarbon [58, 59]; pesticides [60, 61]; nucleotides [60]; 
anthraquinone and 1,4-naphthaquinone; vitamins Kj and K5 [61]; o-, m-, 
p-aminophenols [62]; aminoacids [58, 63]; p-nitrophenol and p-
nitroaniline [64, 65]; phenol, resorcinol, pyrogallol, pyrocatechol and 
hydroquinone [59,62]; bromocresol green, methyl orange, methylene 
blue and fluorosceine [62]; substituted benzoic acids [64]; food dyes and 
indicators [59, 66]; 1- and 2-naphthol; naphthalene-2-carboxylic and 
naphthalene-2-sulphonic acids [59]; 33 medicinal substances, 
sulfanilamides, antipyrites, vitamin B and adrenaline [67]; ten 
fluoroscein derivatives [68, 69]; zinc (II); cadmium (II) and mercury (II) 
[70]; silver; copper; and gold [71]; copper (II); nickel (II); cobalt (II, III) 
and iron (III); 1,3-diketones [72] and ions of these metals [73]. Other 
applications of surfactants include their use in estimating the purity of 
xylenol orange [74]; chromazural S and phenol carboxylic acids of the 
triphenyl methane series [75, 76] and other organic reagents and acid-
base indicators [77]. 
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2. In electrophoresis, various techniques require the use of surfactants. The 
popular technique of SDS-PAGE (Sodiumdodecylsulphate 
Poylacrylamide gel electrophoresis) for the identification and subunit 
molecular weight estimation of proteins is based on a specific type of 
surfactant-protein interaction [78]. 2D-PAGE uses SDS in one direction 
and triton-X 100 in the other. This technique has been used to identify 
proteins containing long hydrophobic regions [79] and relies on the 
differential binding ability of nonionic surfactants to water-soluble and 
intrinsic membrane proteins. Isoelectric focusing [80], native 
electrophoresis and blotting [81] are other electrophoretic techniques 
which may need surfactants for the solubilization or transfer of 
membrane proteins. 
3. In high performance liquid chromatography, common techniques such 
as, ion exchange HPLC, reversed-phase HPLC and size exclusion-
HPLC may require surfactants to solubilize membrane proteins [82, 83]. 
Ion pair HPLC requires surfactants as reagents in order to achieve the 
separation conditions [84, 85]. 
4. Affinity surfactants have been used as reversibly bound ligands in high 
performance affinity chromatography [86]. 
5. The contamination of the ground water by non aqueous phase liquids 
(NAPLs), such as tetrachloroethylene, trichloroethylene and 1,1,1-
trichloroethane is a problem of high concern. These substances are 
difficult to remove, and have low biodegradability [87]. These organic 
toxic liquids can persist in the soil for many decades and offer a long 
term threat to ground water quality [88]. The use of surfactants to 
remediate ground water contaminated non aqueous phase liquids has 
been under significant development and field testing over the last two 
decade especially for dense non aqueous phase ligands such as 
chlorinated solvents [89, 90]. The techniques used to achieve the 
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displacement, solubilization and flushing of the NAPLs are adapted 
from surfactant based enhanced oil recovery technology [91, 92]. 
6. In the petroleum industry, applications of surfactants include [93, 94], 
wettabilty alteration, enhanced micro displacement of oil, stabilizing 
foams for mobility control or foam drilling fluids, stabilizing emulsions 
or foams for acids stimulation, separation and floatation aids in oil sand 
processing, heavy oil transportation as aqueous emulsion, surfactant 
enhanced aquifer remediation and breaking of oil spill emulsions. 
7. Surfactants played an important role in biological systems. The 
pulmonary surfactant systems, although discovered in 1929, have only 
been applied clinically around 1990 for the treatment of respiratory 
distress syndrome. Surfactants replacement therapy may also be used in 
treating other forms of lung disease, such as meconium aspiration 
syndrome, neonatal pneumonia and congenital diaphragmatic hernia 
[95]. For lung surfactants composed of phospholipids and proteins [96, 
97], it is necessary to maintain a low surface tension at the alveolar air-
liquid interface. The lung surfactants system may also protect lung from 
injury and injury and infection caused by inhalation of particles and 
micro-organisms [95, 97]. 
8. Quaternary ammonium surfactants (cationic surfactants) have potent 
germicidal activity in addition to their use as fabric softeners in 
detergents. The best known fabric softeners and antistatic agent is 
ditallow dimethyl ammonium chloride (DTDMAC). Emulsifiers 
commonly have an N-alkyltrimethyl ammonium chloride or N-
alkylimidazoline chloride configuration whereas, germicides, (e.g. 
benzalkonium chloride, have an N-alkydimethyl benzyl ammonium 
chloride structure. 
9. Surfactants are involved in the production of many common food items 
and can be found in the extraction of cholesterol, solubilization of oils. 
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liquor emulsification, and prevention of component separation and 
solubilization of essential nutrients. 
10. The formation of pesticides is significant in terms of product stability 
and product performance. Some of the typical surfactants used in 
pesticide formulations are ethoxylated alcohols, alkyl phenols, sorbitan 
acid alkylamines [98]. Organosilicone surfactants have begun appearing 
in commercial spray application products [98]. The latter show 
improved surface tension lowering (for improved leaf wetting) and a 
low dynamic surface tension (for spray drop retention or leaves) [98]. 
The organosilicone surfactants easily break down, which is an 
environment bonus but the lack of stability posses difficulty in product 
storage as ready to use products [98]. 
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1.16 LITERATURE 
Literature appeared during 1989-2009 on the analysis of surfactants by 
various analytical techniques is presented in Table 1.2 
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2.1 INTRODUCTION 
The separation of surfactants has attracted substantial attention in recent 
years, because of their medicinal, industrial and commercial importance. As 
surfactants are prone to concentrate at interfaces and tend to bind to anything 
available, therefore, the analysis of surfactants becomes very important to 
assess their purity. The increasing use of surfactants in several commercial 
products requires the development of analytical methods that enable 
simultaneous separation and purification of surfactants. Most commercial 
surfactant containing products are mixture of several components and hence 
simple and rapid methods of separation are always required for their 
identification. 
A large body of literature has described methods for the separation, 
detection and quantification of surfactants. Gas chromatography [1], high 
performance liquid chromatography [2], ion-pair chromatography [3], capillary 
electrophoresis [4-5], ion-exchange chromatography [6-7], conductometry [8], 
spectrophotometry [9] and thin layer chromatography [10-12] have all been 
used for this purpose. With the exception of TLC, other techniques are 
expensive and require the use of specialized equipment. Because of the 
rapidity, cost effectiveness, reasonable separation power, broader applicability, 
sensitive post chromatograhic detection and requirement of small sample size, 
TLC has retained its status as a valid and simple analytical technique for 
qualitative and quantitative analysis of surfactants. In general, separations of 
surfactants have been performed on TLC plates coated either with a polar 
stationary phase, most frequently silica gel [13-14] or on a non polar phase like 
RP-18 [15]. However, other layer materials like alumina [16-17] or chemically 
modified phases like amino propyl-modified silica or RP2 [18] have also been 
used. All the TLC studies reported in the literature involve the use of mixed 
organic or aqueous - organic systems as mobile phases. In most of the cases 
volatile organic solvents such as ethanol [19], methanol [20], acetone, carbon 
tetrachloride, benzene [21] and chloroform [22] have been used as one of the 
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components of mobile phases. It is, therefore, desirable to identify aqueous 
mobile phase systems free from organic components in order to obtain more 
reproducible results. 
The aim of the present work was to develop a simple and rapid TLC 
method for the separation of cationic surfactants from multi-component 
mixtures of nonionic surfactants. As a result, a TLC system comprising of 
kieselguhr as stationary phase and 0.01% aqueous methionine as mobile phase 
has been developed for identification of cetylpyridinium chloride (CPC), a 
cationic surfactant in the presence of nonionic surfactants with preliminary 
separation on kieselguhr layer. Kieselguhr, a neutral sorbent with low surface 
activity has been utilized in realization of interesting separations of aflatoxins, 
herbicides and tetracyclines [23]. As far as we are aware, no work has been 
reported on the use of kieselguhr as stationary phase in the analysis of 
surfactants and it is the first report on this aspect. 
2.2 EXPEMMENTAL 
All experiments were performed at 30 ± 2° C 
Apparatus 
A TLC applicator (Toshniwal, India) was used for coating kieselguhr 
'G' on 20 X 35 glass plates. The chromatography was performed in 24 x 6 cm 
glass jars. A glass sprayer was used to spray reagent on the plates to locate the 
position of the spot of analyte. 
Chemical and Reagents 
All chemicals were analytical reagent grade. Methanol and acetone were 
purchased from Qualigens and ethanol and 1, 4-dioxan were purchased from 
Merck India. 
Amino Acids Studied 
L-Valine (L-Val), arginine (Arg), L-alanine (L-Ala), L-methionine (L-
Met), L-iso-leucine (L-I Le), glycine (Gly). L-cystine (L-Cys-Cys), L-Ieucine 
(L-Leu) 
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Surfactants Studied 
Triton X-100 (TX-lOO), brij-35 (BJ-35), brij-57 (BJ-57), brij-78 (BJ-
78), brij-98 (BJ-98), tween-20 (TW-20), cween-20 (CW-20), cween-40 (CW-
40), cween-60 (CW-60), cetylpyridinium chloride (CPC), tetradecyltrimethyl-
ammonium bromide (TTAB), cetyltrimethylammonium bromide (CTAB), 
hexadecyltrimethylammonium chloride (HDTAC), dodecyltrimethyl-
ammonium bromide (DTAB). 
Dyes Used 
Bromopyrogallol red, ammonium purpurate, congo red, malachite green, 
saffranine, metanil yellow and light green. 
Test Solutions 
Solutions (0.5 g per 100 mL) of surfactants were prepared in methanol. 
The solutions of amino acids were prepared in double distilled water. 
Detector 
Surfactant spots were detected by Dragendroff reagent. Dragendroff 
reagent was prepared by mixing two solutions. Solution A was prepared from 
two solutions, a solution of bismuth subnitrate (BiONOs. H2O; 1.7g) in acetic 
acid (20 mL), diluted to 100 mL with water, and a solution of potassium iodide 
(65g) in water (200 mL). These solutions were transferred to a 1-L flask, acetic 
acid (200 mL) was added, and the solution was diluted to one litre with water. 
Solution B was prepared by dissolving barium chloride dihydrate (BaCli. 
2H2O; 290 g) in water (IL). Solutions A and B were mixed in the ratio 2:1. A 
glass sprayer was used to apply the reagent to the plates. 
Stationary Phase 
Kieselguhr'G'(CDH India) 
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Mobile Phase 
The following solvent systems were used as mobile phase. 
Symbol Composition 
M] Double distilled water 
M2-M4 1, 0.1 and 0.01 % L-Valine 
M5-M7 1, 0.1 and 0.01 % Arginine 
Mg-MiQ 1, 0.1 and 0.01% L-Alanine 
Mli-M[3 1, 0.1 and 0.01 % L- Methionine 
M14-M16 1, 0.1 and 0.01% L-Iso-Ieucine 
M17-M19 1,0.1 and 0.01% Glycine 
M20-M22 1, 0.1 and 0.01 %) L-Cystine 
M23-M25 1, 0.1 and 0.01% L-Leucine 
M26-M29 Mil + acetone in 2:8, 8:2, 4:6 and 6:4 ratio 
by volume respectively 
M30-M33 Mil + ethanol in 2:8, 8:2, 4:6 and 6:4 ratio 
by volume respectively 
M34-M37 Mil + 1,4-Dioxan in 2:8, 8:2, 4:6 and 6:4 
ratio by volume respectively 
Preparation of TLC Plates 
The plates were prepared by mixing kieselguhr 'G' with water in 1:3 
ratio with constant shaking until homogenous slurry was obtained. The 
resultant slurry was applied on the glass plates with the help of a TLC 
applicator to give a 0.25 mm thick layer. The plates were dried in air at room 
temperature and then activated by heating for Ih at 100 ± 2° C in an electrically 
controlled oven. The activated piates were stored in a close chamber at room 
temperature until used. 
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Procedure 
Test solutions (1.0 (xL) were applied by means of micropipette 
approximately about 2.0 cm above the lower edge of the plates. The plates 
were developed in the chosen solvent system by the ascending technique. The 
solvent ascent was fixed to 10 cm in all cases. After development was complete 
the plates were withdrawn from glass jars and dried at 30 ± 2°C followed by 
spraying with freshly prepared dragendroff reagent. All surfactants appeared as 
orange spots on spraying the detector on the plates. 
For separation of CPC (a cationic surfactant) in the presence of nonionic 
surfactants, equal volumes of mixtures of nonionic surfactants were mixed 
together and 1 ml of it was thoroughly mixed with 1 mL of CPC. Aliquot (10 
|xL) of final mixture (CPC plus nonionic surfactants mixture) was spotted on 
TLC plates which were developed with mobile phase Mi 3 (0.01% L-
methionine). The spots were detected and Rp values of the spots of separated 
surfactants were calculated. 
To examine the effect of UV radiation on sample stability, two sets of 
mixtures of surfactants (CPC+TX-lOO+BJ-35) were prepared. One set was kept 
in dark and the other one was exposed to UV radiation for 24 hours. The Rp 
values of both samples were noted after performing chromatography. 
Effect of the presence of cations as (impurities) on separation of 
surfactants was also studied. For this purpose, standard test solutions of 
surfactants (CPC i.e. cationic surfactant, TX-lOO and BJ-35 i.e. nonionic 
surfactants) were spotted on TLC plate followed by spotting of the cations as 
an impurity. The plates were developed with Mn mobile phase, the spots were 
detected and the Rp values of separated surfactants were calculated. Different 
dyes were also added as an impurity. 
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2.3 RESULTS AND DISCUSSION 
The results obtain from the experiments described above are 
summarized in tables and figures. In ail, TLC of fourteen (Nine nonionic and 
five cationic) surfactants was performed on kieselguhr 'G' TLC plates using 
thirty seven mobile phases. From the data listed in Table 2.1 and 2.2 following 
trends are apparent. 
1. The cationic surfactants on kieselguhr 'G' layer developed with double 
distilled water (Mi) produce tailed spots and nonionic surfactants 
generally produce double spots. 
2. In amino acid containing mobile phases, cationic surfactants such as 
CPC, CTAB and HDTAC remain very close to the point of application. 
Other cationic surfactants (TTAB and DTAB) show higher mobility, 
compared to CTAB, DTAB show significant mobility. The mobility of 
DTAB was observed in cystine. 
3. Nonionic surfactants show almost identical mobility in all amino acids 
containing mobile phases with occasional tailed spots in certain cases. 
4. Except TX-lOO and BJ-98, all nonionic surfactants produce double spots 
(1^' spot around Rp = 0.05 and 2"** spot around Rp = 0.82) in some 
mobile phase systems. 
5. More compact and brighter spots for surfactants were noticed with 
aqueous methionine. 
In order to understand the effect of concentration of amino acids taken 
in the mobile phase on the mobility of surfactants A Rp values (A Rp = Rp of 
surfactant in 0.01% amino acid - Rp of surfactant in 0.1 or 1% amino acid) 
were calculated and plotted in Figure 2.L Plot A shows the effect on mobility 
of surfactants, when the amino acid concentration in the mobile phase is 
increased by ten times, whereas plot B summarizes the effect on increasing the 
amino acid concentration by hundred times. The negative values of ARp are 
indicative of higher mobility of surfactants in 0.1 or 1% amino acids compared 
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to their mobilities in 0.01% amino acids. Conversely, positive values of ARp 
indicate the higher mobility of surfactants at lower concentration of amino acid 
(i.e. 0.01%) compared to mobility in higher concentration of amino acid (0.01 
or 1%). From the nature of curves depicted in Figure 2.1, it is clear that the 
mobility of surfactants is strongly depends upon the concentration level of 
amino acid in the mobile phase. Furthermore, the mobility of surfactants also 
depends upon the nature of the amino acid. More significant effect of valine or 
concentration of methionine on mobility of surfactants was observed where 
most of surfactants show increase in mobility on increase of methionine 
concentration from 0.01 to 0.1% as evident by negative A Rp values. However 
a reverse pattern, i.e. decrease in Rp on increasing methionine concentration 
from 0.01 to 1% is observable by positive ARp values of most of surfactants. It 
appears that methionine, a S-containing amino acid is more effective in 
modifying the mobility behavior of surfactants. In general, Tween-20, Cween-
40 and Cween-60 produce double spots indicating the presence of two 
components. 
6. With two component mobile phase systems (M26 - M37) containing 1% 
L-methionine and acetone, ethanol or 1, 4- dioxan, the mobility of the 
surfactants was found to increase with increasing concentration (or 
volume %) of acetone, ethanol or 1, 4- dioxan. The results are presented 
in Figures 2.2 (a - c) 
Mobile phase, M37 containing 40% 1, 4- dioxan produces tailed spots for 
cationic surfactants whereas that containing 80% 1, 4- dioxan (M34) produces 
highly compact spots and show higher Rp values in Figure 2.2 a. 
Highly compact spots for both cationic and nonionic surfactant at all 
concentration levels of acetone arise. The mobility of CPC, CTAB, HDTAC 
and DTAB increases with the increase in concentration of acetone in the 
mobile phase. Tlie mobility of nonionic surfactants does not influenced by the 
change in acetone concentration. All surfactants travel with one solvent front. 
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In case of ethanol containing aqueous amino acids as mobile phase, the 
mobility of cationic surfactant (CPC, CTAB, TTAB, HDTAC and DTAB) 
increases with the increase in ethanol concentration whereas, nonionic 
surfactants show higher mobility at all concentration level of ethanol. (Figure 
2.2 b). At 80% acetone all cationic as well as nonionic surfactants move with 
the solvent front (Rp = 0.95) and hence imposing the restriction on their 
separation (Figure 2.2 c). 
From separation point of view, aqueous amino acid solutions with 
aprotic organic solvent (i.e. - 1,4-dioxan) are not suitable whereas amino acids 
eluents containing protic organic solvent (acetone or ethanol) may be used for 
separation. However, the separation possibilities are hampered at higher 
concentration (i.e. - 60% acetone or ethanol). 
However, 0.01% methionine was selected as a simplest mobile phase for 
separation of cationic surfactants from nonionic surfactants with high 
reproducibility (variation in Rp value = ± 5%). 
The separation of CPC from mixture of nonionic surfactants was 
investigated at various time intervals for 24 h. The data recorded in Table 2.3 
clearly indicates that the separation of CPC from the mixture of nonionic 
surfactants is possible over long range of sample storage after the mixing of 
surfactants. 
Similarly, the sample exposure to UV radiation or keeping it in the dark 
for a period of 12 h, does not hamper the separation of CPC (Rp = 0.04) from 
TX-lOO plus BJ-35 (Rp 0.80). The examination of separation of surfactant 
mixture (CPC + TX-lOO + BJ-35) after storing for 24 h also produce desired 
results forming well separated spots for CPC (Rp = 0.04) and for TX-lOO plus 
BJ-35 (RF = 0.66). 
Effect of Impurities 
Separation of CPC from mixture of TX-lOO and BJ-35 is not hampered 
by the presence of metal cations or certain dyes as an impurity in the sample or 
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analyte (Table 2.4). However the presence of dye ammonium purpurate or 
malachite green influences separation as no separated spot corresponding to the 
mixture of TX-lOO and BJ-35 is observed on TLC plate whereas, CPC 
remained at its usual position (Rp = 0.04). 
Thus identification and separation of cetylpyridinium chloride, cationic 
surfactant from the mixture of nonionic surfactants is achieved experimentally 
on kieselguhr 'G' TLC plate using 0.01% aqueous L-methionine as a mobile 
phase. 
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Table 2.3: Ageing effect on separation of CPC from mixture of nonionic 
surfactants 
Mixing time of sample components 
(h) 
Separation (Rp) 
1/6 
2.0 
24.0 
CPC(0.05)-NIi(0.81) 
CPC(0.05)-Nl2(0.69) 
CPC(0.06)-Nl3(0.79) 
CPC(0.05)-Nl4(0.60) 
CPC(0.08)-Nl5(0.84) 
CPC(0.05)-NIi(0.84) 
CPC(0.05)-Nl2(0.78) 
CPC(0.05)-Nl3(0.66) 
CPC(0.05)-Nl4(0.68) 
CPC(0.05)-Nl5(0.70) 
CPC(0.09)-NIi(0.79) 
CPC(0.07)-Nl2(0.85) 
CPC(0.08)-Nl3(0.90) 
CPC(0.07)-Nl4(0.78) 
CPC(0.07)-Nl5(0.81) 
Where NIj = TX-lOO, NI2 = TX-lOO + BJ-35, NI3 = TX-lOO + BJ-35 + BJ-57, 
NI4 = TX-lOO + BJ-35 +BJ-57+ BJ-78, NIj^ TX-lOO + BJ-35 +BJ-57, BJ-78 + 
BJ-98 
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Table 2.4: Effect of impurities on separation of CPC from TX-lOO plus 
BJ-35 
Impurities 
Metal cations 
Cu "^ 
Zn "^ 
Pb^" 
Cr^ " 
Al^ ^ 
Th "^ 
Mo "^ 
Cr^ " 
Dyes 
Bromopyrogallol red 
Ammonium purpurate 
Congo red 
Malachite green 
Saffranine 
Metanil yellow 
Light green 
( 
CPC 
0.05 
0.05 
0.05 
0.06 
0.03 
0.05 
0.04 
0.03 
0.04 
0.27 
0.03 
0.38 
0.22 
0.05 
0.07 
Separation(RF value) 
TX-100plusBJ-35(l:l) 
0.73 
0.89 
0.78 
0.78 
0.46 
0.89 
0.76 
0.78 
0.71 
ND 
0.83 
ND 
0.75 
0.77 
0.81 
ND= Not detected 
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Figure 2.1: Plot of ARpVs Surfactants 
Plot A: ARF=RF of surfactant in 0.01 amino acid - Rp in 0.1 % amino acid 
Plot B: ARF=RF of surfactant in 0.01 amino acid - Rp in 1 % amino acid 
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3.1 INTRODUCTION 
Surfactant mixtures are commonly used in a variety of industrial 
processes such as in synthetic detergents, in drug design, in waste-water 
purification and in oil-production [1-3]. The recent advances in surfactant 
industries have extended the applications to such high technology areas as 
electronic printing, magnetic recording, biotechnology, microelectronics and as 
viral research [4]. Anionic surfactants are the most widely used surfactants, 
primarily in laundry applications. Due to their relatively low manufacturing 
cost, anionic surfactants are used in practically all types of detergents. After 
use, surfactants almost necessarily go into the environment yielding toxic 
decomposition products under the action of natural and anthropogenic factors 
[5-7]. Numerous methods have been developed for the qualitative and 
quantitative analysis of surfactants; the most widespread are use of reversed-
phase and normal phase high-performance liquid chromatography (HPLC) [8-
11], liquid chromatography combined with atmospheric-pressure ionization 
mass spectrometry [12-13], IR and UV spectrometry [14-15], gas 
chromatography [16], ion-pair chromatography [17], ion exchange 
chromatography [18], microbial sensors [19], amperometric biosensors [20], 
capillary electrophoresis [21], and flow - injection techniques [22-23]. All these 
methods are expensive and require the use of specialized instruments and 
expertise. Thin layer chromatography (TLC) is widely popular as a simple 
rapid, inexpensive and highly effective separation technique in the analysis of 
surfactants. 
TLC separations of anionic surfactants have been performed on plates 
covered either with a polar stationary phase most frequently silica-gel [24-27], 
and alumina [28] or on a non-polar phase like RP-18 [29]. As regards the use of 
mobile phases, most of the workers have used mixed organic or aqueous 
organic solvent systems containing alcohols, acetone, benzene, chloroform and 
acetic acid as one of the components [28,29-32]. According to literature formic 
acid has been used as mixed solvent system with methanol and NH3 (1:50:50) 
in the separation of various anionic surfactants. Surprisingly, the use of 
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aqueous formic acid as mobile phase in the separation of anionic surfactant is 
lacking. 
We therefore decided to use IM aqueous formic acid in the mobile 
phase for the mutual separation of anionic surfactants. Formic acid is used 
because of our past experience [33-35] wherein formic acid (FA) containing 
eluents demonstrated tremendous separation potentiality in thin layer 
chromatographic analysis of inorganic species. Kieselguhr is used as stationary 
phase as no work in the analysis of anionic surfactants has been done and it is 
the first report on this aspect. 
3.2 EXPERIMENTAL 
Apparatus 
As mentioned in chapter 2. 
Chemical and Reagents 
All chemicals were analytical reagent grade. Formic acid, HCl, HCIO4 
were purchased from Qualigens and H2SO4 from Merck. Oxalic acid was from 
CDH India. 
Surfactants Studied 
The anionic surfactants sodiumdodecyl sulphate (SDS) and bis (2-
ethylhexyl) sulphosuccinate (AOT) were purchased from BDH, England. 
Dodecylbenzene sulphonic acid (DBSA) was obtained from Fluka, sodium 
cholate from Otto kemi. Sodium deoxycholate was purchased from Loba 
chemie, India and N-lauryl sarcosine sodium salt (LSN) was obtained from 
Merck, Germany. 
Test Solutions 
Solutions of surfactants were prepared by dissolving appropriate weights 
in methanol to give concentrations of 0.5% (0.5gm/100mL) 
Detection 
The detection is performed by spraying into a 0.1% aqueous 
Pinacryptol yellow (Fluka, Germany) solution and evaluating the 
chromatogram in UV light at 254 nm. 
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Preparation of TLC plates 
As mentioned in chapter 2. 
Chromatographic System 
(a) Stationary phases: 
The following stationary phases were used. 
Code Composition 
Si 
S2 
S3 
Kieselguhr 'G' 
Silica gel 'G' 
Alumina 
(b) Mobile phases: 
Code Composition 
Ml 
M2 
M3 
M4 
Ms 
M, 
M7 
Mg 
DDW 
O.OIM Formic acid 
O.IM Formic acid 
IM Formic acid 
IM Oxalic acid 
IMHCl 
IM HCIO4 
IMH2SO4 
Procedure 
Test solutions (l.O^iL) were applied by means of Tripette (GmbH, 
Werthlim, Germany) approximately 2.0 cm above the lower edge of the plates. 
The plates were developed by ascending technique in glass jars previously 
saturated with mobile phase vapour by equilibrium for approximately 30 min. 
The development distance was fixed to 10 cm from the origin in all cases. After 
development, the plates were dried and the surfactants were visualized in UV 
chamber by spraying pinacryptol yellow reagent. The surfactants were 
identified on the basis of their Rp values; calculate from the RL (RF of leading 
front) and RT (RF of tailing front) of each spot. 
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For the separation of surfactant mixtures, equal volumes of surfactants 
were mixed and l|iL of the resultant mixture was applied on a TLC plate. The 
plate was developed with M4, the spots were detected and the Rp values of 
separated spots of surfactants were calculated. 
For investigating the interference due to the presence of metal cations as 
impurities on the resolution of dodecylbenzene sulphonic acid and AOT from 
their mixture, IjiL of standard test mixture of surfactant solution was spotted 
on the plate followed by spotting l^ iL of the cations being considered as 
impurities. The plates were developed with M4, detected and the Rp values 
were determined. 
3.3 RESULTS AND DISCUSSION 
Thin layer chromatography of six anionic surfactants was performed on 
kieselguhr 'G' TLC plates using eight mobile phases in order to select a novel 
solvent system for achieving mutual separation of anionic surfactants. The 
obtained results have been presented in Table 3.1. In double distilled water 
SDS remain at the point of application whereas AOT was not detected and 
remaining surfactants e.g. - dodecylbenzene sulphonic acid, sodium cholate 
and sodium deoxycholate show high mobility (Rp = 0.85, 0.92 and 0.85) 
respectively. Whereas LSN show tailed spot with Rp value of 0.23 
In order to understand the effect of concentration of formic acid taken in 
the mobile phase on the mobility of surfactants, chromatography of surfactants 
was performed with aqueous mobile phases containing different concentrations 
(0.01-lM) of formic acid. The results obtained indicate that the mobility of 
surfactants depend upon the concentration level of formic acid in the mobile 
phase. In M2 (0.0IM formic acid) mobile phase system AOT and LSN were not 
detected whereas, other surfactants under study show higher Rp values. In M3 
(O.IM formic acid) double spots were observed and further detected surfactants 
as in the case of M2 mobile phase. M4 was most effective for achieving mutual 
separation of anionic surfactants. 
In order to understand the migration behavior of surfactants, various 
acidic solutions (l.OM) of carboxylic acid (oxalic acid) and mineral acids (HCl, 
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H2SO4 and HCIO4) were used as mobile phase. In 1 .OM oxalic acid (M5), SDS 
with Rp value 0.67 can be selectively separated from all other surfactants under 
study because of their lower mobility (i.e. low Rp values). Similarly in l.OM 
HCl (M^), SDS is separable from other surfactants except AOT which could 
not be detected clearly on TLC plate. Both l.OM HCIO4 (M7) and l.OM H2SO4 
(Mg) were found unsuitable for TLC analysis of surfactants. In case of M7, SDS 
show Rp value 0.57 and all other surfactants were not detected. In Mg mobile 
phase AOT and sodium chelate show tailed spots and remaining four 
surfactants show higher Rp values ranging from 0.62 to 0.85. As evident from 
Table 3.1, M4 is promising system for achieving analytically important 
separations of surfactants. M4 was found suitable because of possibility of 
better mutual separation of surfactants, higher compactness of spot and good 
spot color intensity. As a result several separations of anionic surfactants were 
experimentally achieved on Si using M4 mobile phase system. A few such 
separations have been presented in Table 3.2 and a representive chromatogram 
for the separation of DBS A and AOT is shown in Figure 3.1. 
Effect of impurities 
Metal cations e.g. Al^ ,^ Cu^ ,^ Ni^ ,^ Zn^ ,^ Th"*^ , Pb^^ and Cr^ ^ hamper the 
separation and produce single spot for dodecylbenzene sulphonic acid and 
AOT using M4 as mobile phase. 
Effect of adsorbent layers 
Three different stationary phases were used to study the pattern of Rp 
values of surfactants using M4 solvent system. The results presented in Figure 
3.2 demonstrate the following decreasing order of Rp values: 
Kieselguhr > Silica gel > Alumina. 
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Table 3.2: Experimentally achieved separations of anionic surfactants on 
kieselguhr layer using M4 mobile phase 
Mobile phase Surfactant mixture (Rp) 
M4 DBSA (0.69) 
SDS (0.74) 
DBSA (0.75) 
SDS (0.76) 
DBSA (0.82) 
AOT (0.30) 
Sodium deoxycholate (0.05) 
Sodium deoxycholate (0.04) 
LSN (0.05) 
LSN (0.08) 
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Soh'etit iiroiit 
DBSA 
0 AOT 
Point c€s^ {^ cat»R 
Figures. 1: Representative chromatogram showing mutual separation of 
DBSA and AOT using l.OM aqueous formic acid as mobile phase on 
kieselguhr layer 
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Figure 3.2: Effect of nature of stationary phase on the mobility of surfactants 
using M4 as mobile phase 
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4.1 INTRODUCTION 
The analysis of commercial surfactants is greatly complicated by the 
fact that these products are mixtures. The increasing use of surfactants in 
several commercial products requires the development of analytical methods 
that enable simultaneous separation and purification of surfactants. Surfactants 
as amphipathic compounds have been used in a variety of fields [1] such as the 
chemical, pharmaceutical and food industries, hospitals, homes and 
environments for cleaning, emulsification, solubilization and moisturizing. 
Nonionic surfactants are considered to influence the biological and chemical 
processes. For example, nonionic surfactants have the properties of increasing 
the penetration of hydrocortisone through skin [2], enhancing the fluorescence 
of metal chelates [3], preventing the adsorption of bacteria to hydrophobic 
surfaces [4-5] and interacting with phospholipids [6]. The biological activity of 
nonionic surfactants depends on the physico-chemical character of the 
hydrophobic moiety as well as on the number of hydrophilic, ethylene oxide 
groups [7-8]. Hence simple and rapid methods of separation are always 
required for the identification of surfactants. 
The development of thin-layer chromatography (TLC) and its suitability 
to the analysis of surfactants has been well documented in many papers and 
reviews [9-14]. Modem instrumental techniques such as spectrophotometry, 
densitometry, atomic absorption spectrophotometry (AAS) etc. have also been 
used in the analysis of biological, pharmaceutical, biomedical and 
environmental samples. With the exception of TLC, other techniques are 
expensive and require the use of specialized equipment. Because of the rapidity 
cost effectiveness, reasonable separation power and broader applicability, TLC 
has retained its status as a valid and simple analytical technique for qualitative 
and quantitative analysis of surfactants [15-20]. In general separations of 
surfactants have been performed on TLC plates coated either with a polar 
stationary phase most frequently silica gel [21] or on a non polar phase like RP-
18 [22]. However, other layer materials like alumina, cellulose and kieselguhr 
etc. [23-26] have also been used. In the absence of an ideal solvent, the need of 
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an inexpensive, reproducible and readily available stable sorbent phase for 
TLC has always been felt. The environmental consciousness has renewed the 
interest for searching environmental friendly chromatographic systems. Egg 
shell is available in abundance all over the world and being white it has 
manifold possibilities for being used as low cost adsorbent. Studies on egg 
shell powder as stationary phase [27-28] for analysis of metal chlorosulphates, 
amines and phenols show that egg shell powder has tremendous potentiality in 
separation science. 
In the present study an attempt has been made to utilize chicken egg 
shell powder as the layer material for the analysis of surfactants. As far as we 
are aware, no work has been reported on the use of egg shell powder as 
stationary phase in the analysis of surfactants and it is the first report on this 
aspect. 
4.2 EXPERIMENTAL 
Chemical and Reagents 
All chemicals were analytical reagent grade. Methanol, butanol, 
hexane, 1, 4-dioxan and ethylacetate were purchased from Merck, India. 
Acetone, propanol, ethyl methyl ketone (EMK) and isobutylmethyl ketone 
(IBMK) were from Qualigens India. Pentanol used was from Sd fine chem. Ltd 
India and ethanol was purchased from Changshu Yangyuan chemical China. 
Chicken egg shell was collected from natural sources. 
Surfactants Studied 
Triton X-100 (TX-lOO), brij-35 (BJ-35), brij-57 (BJ-57), brij-78 (BJ-
78), brij-98 (BJ-98), tween-20 (TW-20), cween-20 (CW-20), cween-40 (CW-
40), cween-60 (CW-60), cetylpyridinium chloride (CPC), 
tetradecyltrimethylammonium bromide (TTAB), cetylfrimethylammonium 
bromide (CTAB), hexadecyltrimethylammonium chloride (HDTAC) and 
dodecyltrimethylammonium bromide (DTAB). 
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Chromatographic System 
(a) Stationary phases: 
Code 
s, 
S2 
S3 
S4 
S5 
S6 
S7 
Sg 
S9 
(b) Mobile phases: 
Alcohols 
Ketones 
Hydrocarbons 
Mixed organic 
Solvents 
Composition 
Pure Egg Shell Powder 
Si impregnated with 0.1% aqueous solution of CUSO4 
Si impregnated with 1% 
Si impregnated with 2% 
aqueous solution of CUSO4 
aqueous solution of CUSO4 
Synthetic chicken egg shell prepared in laboratory 
Silica gel 'G' 
Kieselguhr 'G' 
Cellulose 
CaCOs 
Code 
Ml 
M2 
M3 
M4 
M5 
Me 
M7 
Mg 
M9 
Mio 
Mil 
M12 
Mi3 
M,4 
M,5 
M,6 
Mi7 
Composition 
Methanol 
Ethanol 
Propanol 
Butanol 
Pentanol 
0.1 M aqueous acetone 
0.1 M aqueous EMK 
IBMK 
Hexane 
1,4-Dioxan 
Acetone + hexane (1:1) 
Hexane + 1, 4-dioxan (1:9) 
Hexane + 1,4-dioxan (3:7) 
Hexane + 1, 4-dioxan (5:5) 
Hexane + 1, 4-dioxan (7:3) 
Hexane + 1, 4-dioxan (9:1) 
Ethyl acetate + acetone (1:1) 
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Test Solutions 
Solutions (0.5 g per 100 mL) of surfactants were prepared in methanol. 
Detection Reagent 
Surfactant spots were detected by Dragendroff reagent. 
Chicken Egg Shell Composition 
The main ingredient in egg shell is calcium carbonate (the same brittle 
white stuff that chalk, limestone, cave stalactites, sea shells, coral and pearls 
are made of). The shell itself is about 95% CaC03 (which is also the main 
ingredient in sea shells). The remaining 5% includes calcium phosphate and 
magnesium carbonate. 
Preparation of Chicken Egg Shell Powder 
Broken chicken egg shell pieces were washed with boiling water 
followed by washing with distilled water and soaked in 10% NaOH solution for 
a period of 20-30 h to remove protein contents. The solution was drained off 
and the clean egg shell pieces were washed several times with distilled water to 
ensure complete removal of NaOH, dried at 100°C, ground and sieved to get 
the powder of 150-250 mesh size. The resultant egg shell powder was used to 
make the slurry for coating on TLC plates without addition of any binder. 
Preparation of TLC Plates 
The TLC plates were prepared by mixing the sorbent with double 
distilled water water in 1:3 ratio by weight with constant shaking until 
homogenous slurry was obtained. The resultant slurry was applied to clean 
glass plates with the help of an applicator to give 0.25 mm thick layer. The 
plates were dried at room temperature and then activated at 100 ± 2°C by 
heating in an electrically controlled oven for about 1 h. The activated plates 
were stored in closed chamber at room temperature until used. 
For impregnated plates the slurry was prepared by thorough mixing with 
the aqueous CUSO4 (0.1, 1 and 2%) for 5 minutes. Coating of plates was 
performed as for un-impregnated plates. No addition of any binder is required 
for the preparation of plates. 
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Procedure 
1.0 jiL of the test solution was applied on TLC plates with the help of a 
micropipette at about 2.0 cm above the lower edge. The spots were dried in air 
and the plates were developed with suitable mobile phase by ascending 
technique, in glass jars. The solvent ascent was fixed to 10 cm fi-om the point 
of application in all cases. After development, the plates were taken out from 
the jars and subjected for drying at room temperature followed by spraying 
with freshly prepared Dragendroff reagent. All surfactants appeared as orange 
spots on spraying the detector on the plates. 
For separation of the two surfactants equal volumes of both the 
surfactants were mixed together. Aliquot (1.0|aL) of the mixture was spotted on 
TLC plates which were developed with different mobile phases. The spots were 
detected and Rp values of the spots of separated surfactants were calculated. 
4.3 RESULTS AND DISCUSSION 
Nonionic surfactants are widely used in paints, emulsion, 
polymerization, coatings and agrochemicals. The performance of a surfactant is 
influenced by the presence of another surfactant as impurity and hence removal 
of surfactants from other surfactant is important. In the present study thin layer 
chromatography was performed on egg shell layers. The interesting features of 
this study are: 
(i) Natural and synthetic chicken egg shell powders have been used first 
time as layer material in TLC analysis of surfactants, 
(ii) Realization of cleaner detection of surfactants and their better 
separation on layers prepared from natural egg shell powder, 
(iii) No binder is required, 
(iv) Better separation efficiency of egg shell powder compared to 
sorbents (silica gel, kieselguhr and cellulose) currently in use. 
(y) Use of a simple aqueous acetone (OJM) as mobiJe phase for 
achieving analytically difficult separation of Brij-35 from brij-57. 
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(vi) Resolution of two-component mixture of nonionic surfactants 
facilitating the separation of surfactants of the same group. 
Results of the present study have been summarized in Tables 4.1-4.5. 
Table 4.1 provides information about the mobility of nonionic and cationic 
surfactants in various mobile phases. A decrease in the hRp values of both 
nonionic and cationic surfactants was noticed with the increase in the 
molecular weight of alcohol or ketone in the mobile phase. TX-lOO shows 
tailed spots in ketone systems whereas BJ-78 and CW-40 show tailed spots 
only in case of acetone. Cationic surfactants show higher mobility in alcohols 
whereas in ketones they remain at the point of application. Nonionic surfactants 
(CW-20 and CW-40) show double spots in pentanol and 1, 4-dioxan mobile 
phases. None of the surfactants show any mobility in hexane and all surfactants 
are strongly retained by the stationary phase (hRp = 0). 
With two- component mobile phase systems (Mn-Mig) comprising of 
hexane and 1, 4-dioxan in five different ratios, the mobility of nonionic 
surfactants is influenced by the composition of mobile phase (Table 4.2). 
Except BJ-35 and TW-20, all nonionic surfactants show sharp decrease 
Rp values in mobile phases M15 and M16 where the volume ratio of hexane is 
higher than 50%. BJ-35 and TW-20 remained close to the point of application. 
The most fascinating aspect of this study is that it provides opportunity of 
separating surfactants of the same group irrespective of the composition of 
mobile phase. Generally, the presence of hexane in the mobile phase lowers the 
mobility of surfactants. Surfactants such as TX-lOO in M15 BJ-78 in M14, CW-
20 in Mi3, CW-40 in M13 and M14 and CW-60 in M12 show double spots. The 
appearance of double spots shows the presence of two species in these 
surfactants. In M16 all surfactants show no mobility. 
Pure egg shell layer and impregnated layers with different 
concentrations (0.1, 1 and 2%) of CUSO4 have also been used as stationary 
phases to compare the mobility trends of nonionic surfactants using Mi 1 as a 
mobile phase. The Rp values obtained on these stationary phases are given in 
Table 4.3. CUSO4 was used for impregnation because of its excellent 
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performance as a complexing impregnant in the analysis of amino acids by 
TLC [29-30]. 
As a result, several separations of nonionic surfactants were 
experimentally achieved on Si, S2 and S5 layers using different mobile phase 
systems. A few such separations have been presented in Table 4.4. It is also 
clear from the results listed in Table 4.5 that the identification of each 
component (BJ-35 or BJ-57) in mixture, if present in 1:50 ratio is possible with 
preliminary separation on egg shell powder layer. Thus, a small amount of one 
component in large quantity of the other can be easily separated from their 
mixtures with the aid of proposed method. 
Mutual separation of surfactants (BJ-35 and BJ-57) was also examined 
on different stationary phases using mobile phase O.IM acetone (Me). No 
separation was achieved on silica gel and kieselguhr layers. Single tailed spot 
appeared in case of cellulose and CaCOs stationary phases. BJ-35 and BJ-57 
were successfully separated on pure egg shell powder as well as on synthetic 
egg shell powder prepared in the laboratory. The Rp values obtained on these 
stationary phases for the resolved spots are given in Table 4.6. 
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Table 4.2: Rp values of surfactants on pure egg shell powder using different 
ratios of Hexane + 1, 4-dioxan as mobile phase 
Surfactant 1:9 3:7 5:5 7:3 9:1 
TX-lOO 
BJ-35 
BJ-57 
BJ-78 
BJ-98 
TW-20 
CW-20 
CW-40 
CW-60 
0.91 
0.02 
0.98 
0.85 
0.82 
0.02 
0.83 
0.90 
0.75°^ 
0.88 
0.02 
0.92 
0.88 
0.90 
0.02 
0.90°^ 
0.73 °^ 
0.85 
0.81 
0.09 
0.00 
0.85 °^ 
0.94 
0.02 
0.07 
0.86°^ 
0.46 
0.79°^ 
0.02 
0.05 
0.15 
0.05 
0.04 
0.04 
0.04 
0.05 
0.13 
0.02 
0.05 
0.00 
0.02 
0.03 
0.00 
0.04 
0.05 
DS= Double spot, the second appeared at the point of application (RF= 0.00) 
Table 4.3: Rp values of surfactants obtained on various stationary phases using 
Ml 1 (acetone + hexane, 1:1 v/v) as mobile phase 
Surfactant 
TX-lOO 
BJ-35 
BJ-57 
BJ-78 
BJ-98 
TW-20 
CW-20 
CW-40 
CW-60 
Si 
0.92 
0.93 
0.01 
0.95 
0.96 
0.11 
0.11 
0.44"^  
0.01 
S2 
0.96 
0.95 
0.02 
0.93 
0.98 
0.03 
0.16^ 
0.16'^  
0.02 
S3 
0.98 
0.96°^ 
0.02 
0.02 
0.95 
0.08 
1^  
r 
0.02 
S4 
0.96 
0.02 
0.86 
0.87 
0.96 
0.02 
O.99DS 
0.98°^ 
0.96°^ 
(T= Tailed spot, DS= Double spot) 
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Table 4.4: Mutual separation of nonionic surfactants achieved experimentally 
Mobile Phase Stationary Phase Separations (Rp) 
M7 Si BJ-35(0.92) BJ-78(0.10) 
BJ-35 (0.92) BJ-98 (0.05) 
CW-20 (0.78) CW-60 (0.05) 
M6 Si BJ-57(0.15) CW-20 (0.98) 
BJ-98 (0.14) CW-20 (0.96) 
BJ-35 (0.95) BJ-57(0.10) 
CW-20 (0.95) CW-60 (0.07) 
BJ-98 (0.06) TW-20 (0.96) 
Mi4 S, TX-100(0.92) BJ-35 (0.07) 
TX-lOO (0.85) CW-20 (0.05) 
Mi7 S2 CW-20 (0.00) BJ-57(0.86) 
TW-20 (0.00) BJ-78 (0.87) 
CW-20 (0.00) BJ-78 9 (0.85) 
CW-20 (0.00) BJ-98 (0.80) 
CW-20 (0.00) TX-100 (0.79) 
Me S5 BJ-35 (0.80) BJ-57(0.14) 
BJ-98 (0.17) TW-20 (0.95) 
BJ-57 (0.07) CW-20 (0.80) 
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Table 4.5: Mutual separation of BJ-35 from BJ-57 at different concenteration 
levels on pure egg shell layers using M12 (hexane + 1, 4- dioxan, 1:9 v/v) 
mobile phase system 
Surfactant Separation (Rp) 
(BJ-35 + BJ-57) 
1:10 
10:1 
1:20 
20:1 
1:50 
50:1 
BJ-35 (0.02) 
BJ-35 (0.02) 
BJ-35 (ND) 
BJ-35 (0.02) 
BJ-35 (ND) 
BJ-35 (0.03) 
BJ-57 (0.88) 
BJ-57 (ND) 
BJ-57 (0.87) 
BJ-57 (0.90) 
BJ-57 (0.90) 
BJ-57 (0.86) 
(ND= Not detected) 
Table 4.6: TLC systems tested for resolution of mixture containing BJ-35 and 
BJ-57 using Mg mobile phase 
S.No. 
1 
2 
3 
4 
5 
6 
, Stationary Phase 
Silica gel 
Kieselguhr 
Cellulose 
CaCOs 
Lab prepared 
egg shell powder 
Natural 
egg shell powder 
Rp value of mixture 
0.02 
0.03-0.08 
— 
— 
(0.80) (0.14) 
(0.98) (0.15) 
Remarks 
No separation 
No separation 
Single tailed spot 
Single tailed spot 
Separation 
Separation 
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5.1 INTRODUCTION 
TLC is widely used in the analysis of surfactants because it is simple to 
perform, cost effective and highly selective. Especially, TLC is used both for 
characterization of pure surfactants and for detection of surfactants in mixtures. 
Cationic surfactants have many applications in detergent industry, textile 
softeners, pharmaceuticals, emulsificants, lubrication, disinfectants and human 
hair cosmetics [1]. They are also considered to influence the biological and 
chemical activities. For example, certain cationic surfactants induce cell 
autolysis [2, 3], disrupt cell membranes [4], offer antimicrobial activity [5, 6], 
and are responsible for the release of intracellular potassium ion [7, 8]. Hence 
simple and rapid methods of separation are always required for the 
identification of surfactants. 
TLC separations of cationic surfactants have been generally performed 
on silica 60 [9], RP-18 [10] and AI2O3 [11]. Baltes and Hirsemann [9] separated 
cationic surfactants on either silica as well as on RP2 phases. Various mobile 
phases containing acetone, ethanol or methanol in combination of sodium 
acetate or ammonia have been used for the analysis of cationic surfactants [12-
14]. Several dyes like bromocresol blue, methylene blue and bromophenol blue 
have been used for spectrophotometric determination of ionic and nonionic 
surfactants [15-17]. On the other hand cationic and anionic surfactants have 
been utilized as mobile phase for the separation of flurescein dyes by TLC [18]. 
The first report on the use of organic dye (Bromophenol blue) as mobile phase 
in the analysis of surfactants has been published from our laboratory recently 
[19]. In view of remarkable analytical potential of organic dyes in the analysis 
of surfactants we decided to use methylene blue in the presence of acetone and 
formic acid as mobile phase for separation of cationic surfactants. Formic acid 
was selected because of its unique properties. It is sufficiently acidic [Ka (H2O) 
at 25°C= 1.77 xlO"'*] to prevent hydrolysis of analyte, does not dissolve ion 
exchange materials and its reducing properties prevent the oxidation of analyte 
during analysis. 
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5.2 EXPERIMENTAL 
Chemicals and Reagents 
All chemicals were analytical reagent grade. HPTLC Silica gel 60 
(1.16835.0001), HPTLC alumina 60 F254 (1.05550.0001), HPTLC cellulose 
(1.05552), RP-18 F254S (1.05560), TLC aluminium foils (Merck, 
Darmstadt,Germany). Methylene blue (CDH, India) and acetone (Merck, 
India). 
Surfactants Studied 
Cetylpyridinium chloride (CPC), cetyltrimethylammonium bromide 
(CTAB), tetradecylammonium bromide (TTAB), hexadecyltrimethyl-
ammonium chloride (HDTAC) and dodecyltrimethylammonium bromide 
(DTAB). 
Test Solutions 
Solutions of the surfactants were prepared in methanol to give 
concentration of 0.01% (w/v). 
Detection 
Surfactants spots were detected by spraying Dragendroff reagent. 
Inorganic Cationic and Anionic Species 
Metallic cationic species (Cr^^ Cr^^ Ag^ Th^^ Cd^^ Ni^^ Cu^ )^ and 
inorganic anionic impurities (Mo04^', S04^', P04^', COs^', SCN", NO3" and I") 
Chromatographic System 
(a) Stationary phases: 
Code Composition 
S^  HPTLC Silica gel 60 
52 HPTLC RP-18 F254S 
53 HPTLC Alumina 60 F254 
54 HPTLC Cellulose 60 F254 
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(b) Mobile phases: 
Code 
M, 
M2 
M3 
M4 
M5 
M6 
M7 
Composition 
Acetone 
10'' 'M Methylene blue in IM aqueous formic acid 
Acetone+ M2 (1:9) 
Acetone + Ml (3:7) 
Acetone+ M2 (5:5) 
Acetone + M2 (7:3) 
Acetone+ M2 (9:1) 
Procedure 
HPTLC plates were activated at 60''C for 30 min in an electrically 
controlled oven. After activation, the plates were cooled at room temperature 
and stored in a closed chamber before use. 
Test solutions (1|J,L) were applied on (5 cmxlO cm) silica gel 60 thin 
layer plates with the help of tripette (Gmbh, WerthIim,Germany) at about 1 cm 
above the lower edge of the plates. The solvent ascent was fixed to 5 cm in all 
cases for the determination of Rp value of individual surfactants. Development 
of plates was carried out in a vapour-equalibrated Camag TLC twin-trough 
chamber (Switzerland). After the development, TLC plates were dried at room 
temperature. The plates were then detected by using Dragendroff reagent. All 
surfactants were visualized as orange spots. The surfactants were identified on 
the basis of their Rp values; calculate from the RL (RF of leading front) and Rj 
(Rp of tailing front) of each spot. 
RP=0 .5 (RL+RT) 
Separation 
For the separation of surfactant mixtures, equal volumes of surfactants 
were mixed and 1 ^ L of the resultant mixture was applied on TLC plate. The 
plate was developed with M4, the spots were detected and the values of 
separated spots of surfactants were calculated. 
109 
chapters 
Effect of nature of adsorbent 
To observe the effect of nature of adsorbent on the mobility of 
surfactants silica gel, RP-18, alumina and cellulose have been used as 
stationary phase with M4 (acetone + 10""* M methylene blue in IM aqueous 
formic acid, 3:7) mobile phase system. The limit of detection of surfactants was 
determined using M4 mobile phase. 
Interference 
To investigate interference by metal cations as well as anions as 
impurities, an aliquot (l.O^L) of 0.1% of impurity solution was spotted along 
with the mixture (I.OJLIL) of cationic surfactants (CPC, TTAB and DTAB) and 
chromatography was performed on HPTLC silica plates with M4. The spots of 
separated surfactants were detected and the Rp values were determined. 
Limit of Detection 
The detection limit of cationic surfactants i.e. CPC, TTAB and DTAB 
were determined by spotting different amount of surfactants on the HPTLC 
plates. The plates were developed and detected as described above. The method 
was repeated with successive lowering of the amount of surfactants until spots 
could no longer be detected. The amount of surfactants that could be detected 
was taken as limit of detection. 
5.3 RESULTS AND DISCUSSION 
Cationic surfactants are commonly used as fabric softeners and 
antiseptic components in medicines. The activity of surfactant is influenced in 
the presence of other surfactant. So it is important to remove one surfactant 
from another before their specific use. Thin layer chromatography of five 
cationic surfactants was performed on silica HPTLC plates (Si) using seven 
mobile phases (M1-M7). The results obtained for the chromatography of 
surfactants have been presented in Table 5.1. It is evident from this table that 
all surfactants show low Rp values ranging from 0.05 to 0.13 on Si with Mi 
whereas they remain at the point of application on using M2 as mobile phase 
(i.e.RF=0.0). 
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In order to understand the effect of the different ratios of acetone and 
methylene blue dye, the chromatography of surfactants was performed with 
mobile phases M3 - M7 containing acetone - M2 in the ratio of 1:9, 3:7, 5:5, 7:3 
and 9:1. The obtained results (Table 5.1) clearly indicate that mobility of 
surfactants depends upon the concentration level of acetone in the mobile 
phase. The Rp value of the cationic surfactants increases as the volume ratio of 
acetone is increased in the mobile phase from 10- 70% (M3 to Me). In M7 
mobile phase (acetone volume, 90%), the surfactants show lower Rp values as 
compared to the Rp values obtained in Me mobile phase system (acetone 
volume, 70%). 
Effect of nature of stationary phases on the mobility of surfactants using 
M4 as mobile phase was also investigated. The Rp values obtained on different 
stationary phases (silica gel, RP-18, alumina and cellulose) are listed in Table 
5.2. On silica gel HPTLC plates, CPC ( R F = 0.07) can be separated from TTAB 
(Rp = 0.23) and DTAB (Rp = 0.37). All cationic surfactants show relatively 
lower mobility on RP-18 layer except CPC which produces a tailed spot. On 
alumina layer, all cationic surfactants show tailed spots whereas they remain at 
the point of application on cellulose stationary phase. Thus, alumina, cellulose 
and RP-18 stationary phases are not useful for the separation of cationic 
surfactants from their mixtures. 
The results shown in Figure 5.1 are indicative that the mutual separation 
of coexisting CPC, TTAB and DTAB is possible in the presence of cationic 
species (Cr^ ,^ Th'*"^ , Ni^^, and Cu^ )^ but not in the presence of Cr^ ,^ Ag"^  and 
Cd^ .^ In the presence of Cr^ ,^ Ag^, and Cd^ "", CPC and TTAB co-migrate and 
hence only binary separation of DTAB from CPC or TTAB is possible. 
Amongst anionic species as impurities M0O4' , PO4", CO3" and SCN', 
interfere in the separation and all the three components (CPC + TTAB and 
DTAB) co-migrate imposing the restriction on their resolution. However, 
binary separation of DTAB from CPC plus TTAB is possible in the presence 
of r . 
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The absorption spectra (Figures 5.2a and 5.2b) of methylene blue 
containing mobile phase M4 show the consistency in the X, max at 665 nm over a 
period of 12 h which is indicative of high stability of the mobile phase. Thus, 
the proposed mobile phase containing organic dye can be safely used without 
any change up to 12 h. 
The lowest possible detectable amounts of CPC, TTAB and DTAB on 
silica HPTLC plates developed with M4 were 1.5, 2.5 and 2.0 ng zone'^  
respectively. Thus, the proposed method is highly sensitive for the detection of 
these cationic surfactants. 
Conclusion 
Methylene blue dye in combination with acetone and formic acid has 
been used for the first time as mobile phase in identification and separation of 
cationic surfactants. CPC, TTAB and DTAB have been successfully separated 
from their mixtures on silica HPTLC plate developed with acetone + 10' ''M 
methylene blue solution in IM aq. formic acid (3:7). 
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Table 5.1: Rp values of cationic surfactants on silica gel HPTLC plates 
developed with different mobile phases 
Surfactant 
CPC 
CTAB 
TTAB 
HDTAC 
DTAB 
M, 
0.07 
0.09 
0.10 
0.05 
0.13 
M2 
0.00 
0.00 
0.00 
0.00 
0.00 
Mobile phase 
M3 
0.00 
0.00 
0.10 
0.00 
0.26 
M4 
0.07 
0.14 
0.23 
0.14 
0.37 
Ms 
0.15 
0.26 
0.32 
0.28 
0.42 
M6 
0.64 
0.60 
0.58 
0.58 
0.58 
M7 
0.53 
0.34 
0.32 
0.32 
0.29 
Table 5.2: Rp values of cationic surfactants obtained on different stationary 
phases using M4 (Acetone + M2, 3:7 v/v) as mobile phase 
Surfactant 
CPC 
CTAB 
TTAB 
HDTAC 
DTAB 
Si 
0.07 
0.14 
0.23 
0.14 
0.37 
Stationary ph 
S2 
0.42' 
0.00 
0.11 
0.07 
0.09 
ase 
S3 
0.42' 
0.38^ 
0.40'^  
0.35'^  
0.36"^  
S4 
0.00 
0.00 
0.00 
0.00 
0.00 
(T= Tailed spot with RL- RT > 0.3) 
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Figure 5.1: Resolved spots of CPC, TTAB and DTAB from their mixtures in 
the presence of foreign substances on silica HPTLC plates developed with M4 
as mobile phase 
Cr^^(l), Cr^ (^2), Ag^ CS), ThV) , Cd^ (^5), Ni^ (^6), Cu'^(7), Mo04''(8), SO/" 
(9), P04 "^ (10), C03^" (11), SCN-(12), NO;(13), and r(14) ,without impurity 
(15) 
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Figure 5.2 Absorption spectra of mobile phase M4 [Acetone + M2 (3:7)] 
2a = freshly prepared mobile phase 
2b = mobile phase after storing for 12 h 
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6.1 INTRODUCTION 
Thin layer chromatography is a useful method for identifying and testing 
the purity of surfactants. Surfactants have wider applicability in soaps for 
domestic use, industrial, petroleum industry, concrete additives, agro and food 
processing and in cosmetic and pharmaceutical purposes [1]. Mostly 
commercial surfactants containing products are mixtures of several components 
and hence simple and rapid methods for separation are always required for their 
identification. TLC is a useful technique because it is relatively quick and 
requires small quantities of material. Some cationic and nonionic surfactants 
are known to affect environment as they are routinely deposited in numerous 
ways on land and enter into water system as industrial and household wastes. 
Several methods have been used for the separation, detection and 
quantification of surfactants. Gas chromatography, reversed-phase and normal 
phase high-performance liquid chromatography (HPLC) , liquid 
chromatography combined with atmospheric-pressure, ionization mass 
spectrometry, IR and UV spectrometry, ion-pair chromatography, ion exchange 
chromatography, microbial sensors , amperometric biosensors, capillary 
electrophoresis and flow-injection techniques [2-18]. These techniques are 
expensive and require special equipments except thin layer chromatography. 
Reversed phase thin layer chromatography (RPTLC) of surfactants 
using undecane, silicon oil, and cholesterol as impregnant silica layers in 
combination with aqueous methanol or methanol plus ethyl acetate as mobile 
phases has been generally used for the analysis of surfactants [19, 20]. Alumina 
layers impregnated with 5% paraffin oil in hexane have been used to 
investigate the interaction of surfactants with peptides using methanol-water 
mixture (10 and 90%, v/v) as mobile phase [21]. 
In the present paper analysis of nonionic and cationic surfactants has 
been performed on silica gel layer impregnated with paraffin oil using different 
aqueous protic (e.g. DMF) mobile phase systems. Cationic surfactants are 
widely used as fabric softeners. The presence of nonionic surfactants influences 
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their performance and hence the removal of nonionic surfactant is important 
before their use as fabric softener. Therefore we have successfiilly separated 
CPC (a cationic surfactant) from BJ-35 (a nonionic surfactant). Mutual 
separation of CPC and BJ-35 is also important because of their wider 
applicability related to the environmental system [22-27]. 
6.2 EXPERIMENTAL 
Chemical and Reagents 
All chemicals were analytical reagent grade. N, N-Dimethyl formamide 
was purchased from Merck (Mumbai, India). Paraffin oil was purchased from 
Qualigens and petroleum ether was purchased from CDH (India). 
Surfactants Studied 
Brij-35 (BJ-35), brij-57 (BJ-57), brij-98 (BJ-98), tween-20 (TW-20), 
cween-40 (CW-40), cween-60 (CW-60), cetylpyridinium chloride (CPC), 
tetradecyltrimethyl-ammonium bromide (TTAB), hexadecyltrimethyl-
ammonium chloride (HDTAC) and dodecyltrimethylammonium bromide 
(DTAB). 
Test Solutions 
Solutions of the surfactants were prepared in methanol to give 
concentration of 0.5% (w/v). 
Detection 
Dragendroff reagent. 
Inorganic Cationic and Anionic Species 
Metallic cationic species (Th'* ,^ Cd^ ,^ Cu^ "", Cr^ ,^ Cr^ "^  and Ag^) and 
inorganic anionic impurities (S04^", P04^', Mo04^', SCN"and CI") 
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Chromatographic System 
(a) Stationary phases: 
Code Composition 
Si silica gel G impregnated with 1% Paraffin oil 
52 silica gel G impregnated with 3% Paraffin oil 
53 silica gel G impregnated with 5% Paraffin oil 
54 silica gel G impregnated with 7% Paraffin oil 
55 silica gel G impregnated with 10% Paraffin oil 
Se silica gel G impregnated with 1% Tertiary butyl phosphate 
S7 silica gel G impregnated with 1% Silicon oil 
(b) Mobile phases: 
Code Composition 
Ml Pure DDW 
M2 DMF-DDW(1:9) 
M3 DMF-DDW (2:8) 
M4 DMF-DDW (3:7) 
Ms DMF-DDW (4:6) 
Me DMF-DDW (5:5) 
M7 DMF-DDW (6:4) 
Ms DMF-DDW (7:3) 
M9 DMF-DDW (8:2) 
Mio DMF-DDW (9:1) 
Mil PureDMF 
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Preparation of Paraffin Oil Impregnated TLC Plates 
The TLC plates were prepared by mixing silica gel 'G' with double 
distilled water in 1:3 ratio with constant shaking until homogenous slurry was 
obtained. The resultant slurry was applied on the glass plates with the help of a 
TLC applicator to give a 0.25 mm thick layer. The plates were dried in air at 
room temperature and then activated by heating for Ih at 100 + 2*'C in an 
electrically controlled oven. After activation, the plates were cooled at room 
temperature. For the preparation of impregnated silica gel plates, post coating 
method has been used. In this method, the activated silica gel plates were 
impregnated with desired concentration of paraffin oil (1, 3, 5, 7 and 10%, v/v), 
in petroleum ether by dipping silica gel plates in solution of impregnant for a 
specific time period followed by drying of the plates at room temperature 
(60°C). The same method was used for the preparation of tertiary butyl 
phosphate and silicon oil (in petroleum ether) impregnated TLC plates. 
Procedure 
Test solutions (l.O^L) were applied on plates with the help of tripette 
(Gmbh, Werthlim, Germany) at about 1 cm above the lower edge of the plates. 
The solvent ascent was fixed to 10 cm in all cases for the determination of Rp 
value of individual surfactants. Development of plates was carried out in glass 
jars and dried at 30 ± 2°C followed by spraying with fi-eshly prepared 
dragendroff reagent. All surfactants were visualized as orange spots. The 
surfactants were identified on the basis of their Rp values; calculate from the RL 
(Rp of leading fi-ont) and Rj (Rp of tailing fi-ont) of each spot. 
R F = 0 . 5 ( R L + R T ) 
For the separation of surfactant mixtures, equal volumes of surfactants 
were mixed and l.O^L of the resultant mixture was applied on TLC plate. The 
plate was developed with M?, the spots were detected and the values of 
separated spots of surfactants were calculated. 
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To observe the effect of nature of impregnant, silica gel layers were 
impregnated with 1% paraffin oil, tertiary butyl phosphate and silicon oil 
separately and the mobility of surfactants on these layers was examined using 
DMF- DDW (6:4) as mobile phase. 
For investigating the interference of metal cations as well as anions as 
impurities on the separation of CPC and BJ-35, an aliquot (l.OjiL) of 0.1% of 
impurity solution was spotted along with the mixture (l.O^L) of surfactants 
(CPC and BJ-35) and chromatography was performed as described above with 
My. The spots were detected and the Rp values of separated surfactants were 
determined. 
The reproducibility (or precision) of Rp values was checked by 
determining the Rp values of the same sample by the same analyst on different 
days under identical experimental conditions. The variation in Rp values differs 
by a factor of ± 0.10 (i.e. ± 10%) from the average value, indicating a good 
reproducibility. 
6.3 RESULTS AND DISCUSSION 
Reversed phase thin layer chromatography of cationic as well as 
nonionic surfactants was performed using eleven aqueous mobile phases. The 
mobility pattern of ten surfactants (four cationic and six nonionic) on silica gel 
layers impregnated with 1% paraffin oil (Si) was examined using double 
distilled water (Mi), aqueous dimethyl formamide at nine different 
concentration levels (10-90%) and pure DMF (Mn). As evident from the data 
listed in Table 6.1, all cationic as well as nonionic surfactants remain near the 
point of application on Si developed with Mi. All cationic surfactants show 
lower Rp value at all concentrations of aqueous dimethyl formamide except Mg. 
Interestingly, none of the cationic surfactants was detected on TLC plates 
developed with Me (50% aqueous DMF), Similarly DTAB could not be 
detected with Mg, M9 and MIQ. General trend of increase in Rp value with the 
increase in concentration of aqueous dimethyl formamide was found in case of 
nonionic surfactants. BJ-35 produces tailed spots with M2 and M3 whereas 
122 
Cfiapter-6 
double spots were observed with M,. The formation of double spots shows the 
presence of two species of the surfactants which are resolved with 40% 
aqueous DMF. With Mg mobile phase, BJ-35 and BJ-57 were not detected. 
Similarly, the detection of TW-20 and CW-60 was difficuh at various 
concentrations of aqueous formamide. Some surfactants also show tailed spots 
with certain mobile phases as evident from Table 6.1. Amongst aqueous 
mobile phase systems tested, M7 (DMF-DDW 6:4, v/v) was found promising 
for further study. 
Silica gel layers impregnated with 1, 3, 5, 7 and 10% paraffin oil, 1% 
tertiary butyl phosphate and 1% silicon oil were used to examine the mobility 
of surfactants using DMF-DDW (6:4) as mobile phase with the aim to select 
most favorable TLC system for the analysis of surfactants. The results 
presented in Table 6.2 clearly indicate that all cationic surfactants show lower 
mobility compared to nonionic surfactants on all stationary phases. HDTAC on 
S3, S4, S5 and Sg produces tailed spots, DTAB on S2, S3, S4 and S5 could not be 
detected and most of the nonionic surfactants yield double spots. Silica gel 
impregnated with paraffin oil (3-10%, v/v) was not found suitable from the 
separation point of view as silica plates impregnated with high degree of 
paraffin oil causes several problems including more time for plate 
development, absence of spot compactness and difficulty in drying of the plate. 
Stationary phase. Si was found suitable for separation of cationic surfactants 
from nonionic surfactants. Silica gel layers impregnated with 1% tertiary butyl 
phosphate (TBP) or silicon oil were not found suitable for the analysis of 
surfactants because of (a) difficulty in detection of most nonionic surfactants 
except (BJ-57 and BJ-98) on TBP impregnated layer and the formation of 
tailed spot of HDTAC and (b) formation of double spots of nonionic 
surfactants. 
We have successfully separated CPC (a cationic surfactant) from BJ-35 
(a nonionic surfactant). Five other analytically important separations of 
nonionic from cationic surfactants were also experimentally achieved on Si 
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with M7 solvent system. The Rp values of separated spots were given in Table 
6.3. 
The mobility pattern of cationic as well as nonionic surfactants on using 
protic (DMF and THF) and aprotic (DMSO) solvent was also studied. Protic 
solvent (DMF) was found better solvent system because it activates the 
separation of cationic surfactants from nonionic surfactants. On the other hand, 
another protic solvent (THF) was not found as good as DMF because most of 
the nonionic surfactants show badly tailed spots with this system. Furthermore, 
aprotic solvent (DMSO) was unsuitable for the separation of surfactants (Table 
6.4). 
Various stationary phases e.g. - alumina, kieselguhr and cellulose 
impregnated with 1% paraffin oil were used to study the mobility pattern of 
surfactants using M7 solvent system. Obtained Rp values of the surfactants are 
presented in Table 6.5. Surfactants on alumina layers impregnated with 1% 
paraffin oil show double spots as well as tailed spots whereas on kieselguhr and 
cellulose layer cationic and nonionic surfactants show higher mobility. This 
observation indicates that the nature of supports for paraffin oil play minor role 
in modifying retention behavior of surfactants. It is a deviation fi-om earlier 
belief that in reversed - phase TLC, the nature of support has no role and the 
partitioning of analyte between mobile phase and stationary phase (paraffin oil 
in present case) controls the separation mechanism. 
Separation of CPC from BJ-35 was investigated in the presence of 
inorganic species which is shown in Figure 6.1. The separation is hampered by 
the presence of Th'**, P04 '^and M0O4' in the sample because of their specific 
interactions with the analyte. 
The lowest possible amount of CPC and BJ-35 on Si stationary phase 
with M7 mobile phase was found 0.73 and 0.75 jig respectively. 
Application 
To widen the applicability of the method, separation of CPC and BJ-35 
from spiked sample of fabric softener (Godrej ezee) was investigated. The 
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results show that CPC and BJ-35 can be easily identified and separated on Sj 
with My as mobile phase. 
6.4 CONCLUSION 
A new reversed - phase thin layer chromatographic system comprising 
of silica gel impregnated with 1% paraffin oil as stationary phase and the 
mixture of dimethylformamide and water (protic solvent) as mobile phase has 
been the most suitable for separation of cationic surfactants from nonionic 
surfactants and their on-plate identification. The developed system is applicable 
for the mutual separation of cetylpyridinium chloride (CPC) and Brij-35 from 
spiked sample of fabric softener. The lowest possible amounts of CPC and 
Brij-35 that can be detected on 1% paraffin oil impregnated silica layers were 
0.73 and 0.75 |ig respectively. Compared to other commercially available 
adsorbents (alumina, cellulose and kieselguhr) as support for paraffin oil, the 
performance of silica gel was better. 
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Table 6.2: Mobility patterns of surfactants on different stationary phases using 
M7 mobile phase 
Surfactants 
Cationic surfactants 
CPC 
TTAB 
HDTAC 
DTAB 
Nonionic surfactants 
BJ-35 
BJ-57 
BJ-98 
TW-20 
CW-40 
CW-60 
Si 
0.06 
0.10 
0.03 
0.25 
0.90 
0.92 
DS 
DS 
DS 
0.87 
S2 
0.07 
0.00 
0.27 
ND 
0.98 
0.93 
0.42"^  
0.91 
DS 
0.49 
Stationary phase 
S3 
0.05 
0.03 
0.16^ 
ND 
0.93 
0.91 
DS 
DS 
DS 
DS 
S4 
0.06 
0.05 
0.15^ 
ND 
DS 
DS 
DS 
0.40 
DS 
DS 
Ss 
0.07 
0.09 
0.16^ 
ND 
DS 
DS 
0.11 
0.98 
DS 
0.94 
S6 
0.06 
0.08 
0.19"^  
0.86 
ND 
0.83 
0.98 
ND 
ND 
ND 
S7 
0.04 
0.00 
0.20 
0.00 
0.94 
DS 
DS 
DS 
0.94 
0.88 
(ND= Not detected, T= Tailed spot with RL-RT> 0.3, DS= Double spot) 
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Table 6.3: Experimentally achieved separations on Si sorbent layer with My 
mobile phase system 
Separations 
CPC (0.06) BJ-35 (0.97) 
HDTAC(0.15) BJ-35 (0.89) 
CPC (0.07) BJ-57 (0.95) 
HDTAC(0.16) BJ-57 (0.85) 
CPC (0.06) CW-60 (0.97) 
HDTAC(O.ll) CW-60 (0.93) 
Table 6.4: Rp values of surfactants on Si layer using 60% aqueous DMF, THF 
and DMSO as mobile phase 
Surfactants 
Cationic surfactants 
CPC 
TTAB 
HDTAC 
DTAB 
Nonionic surfactants 
BJ-35 
BJ-57 
BJ-98 
TW-20 
CW-40 
CW-60 
DMF 
0.06 
0.10 
0.03 
0.25 
0.90 
0.92 
DS 
DS 
DS 
0.87 
Mobile phase 
THF 
0.08 
0.12 
0.11 
0.00 
0.89 
0.81 
0.76^ 
0.90^ 
0.60^ 
0.7 r 
DMSO 
0.00 
0.00 
0.10 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
(T= Tailed spot, DS= Double spot) 
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Table 6.5: Mobility of surfactants on different stationary phases (alumina, 
kieselguhr and cellulose) impregnated with 1% paraffin oil using M7 mobile 
phase 
Surfactants 
Cationic surfactants 
CPC 
TTAB 
HDTAC 
DTAB 
Nonionic surfactants 
BJ-35 
BJ-57 
BJ-98 
TW-20 
CW-40 
CW-60 
Impregnated with 1% paraffln 
Alumina 
0.11 
0.2f 
0.00 
0.00 
DS 
DS 
0.00 
0.82^ 
DS 
DS 
Kieselguhr 
0.56 
0.60 
0.20 
0.36 
0.91 
0.74 
0.78 
0.83 
0.90 
0.94 
oil 
Cellulose 
0.92 
0.93 
0.89 
0.94 
0.94 
0.85 
0.93 
0.91 
DS 
DS 
(T= Tailed spot, DS= Double spot) 
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Th^^(l), Cd2 (^2), Cu^ (^3), Cr^ (^4), Cr^ (^5), k%\6\ 804 "^ (7), P04 -^ (8), Mo04 '^ 
(9), SCN - (10) and Cr (11) ,without impurity (12) 
Figure 6.1: Separation of CPC from BJ-35 from on 1% paraffin oil 
impregnated silica TLC plate in the presence of foreign substances with M7 
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7.1 INTRODUCTION 
In recent years, thin layer chromatography (TLC) with surface-modified 
sorbents has gained popularity for achieving improved selectivity and 
reproducibility of desired separations. Surface modification can be achieved 
either by chemical reaction of the sorbent with appropriate reagent or by pre-
chromatographic impregnation of the porous matrix (physisorption) with 
suitable organic or inorganic substances. The surface of silica gel can be 
modified by utilizing the cation exchange properties of silanol group (- SiOH-) 
of the hydrated silica gel surface. Silanol group being weakly acidic undergoes 
cation exchange when brought in contact with an aqueous salt solution [1]. 
M"^  + w (- SiOH-) ^ »M (OSi-) -"• + mYC 
Thus, a metal ion can be introduced to the silica surface in order to 
realize a sorbent layer of different selectivity. As a result, silica gel 
impregnated with inorganic salts (Zn, Cd, Mg, Li, Ba, Ag, Sr, Th etc) have 
been utilized successfully for achieving highly selective separations of metal 
cations in our laboratory [2-5]. Furthermore, silica gel impregnated with 
different zinc salts [6], silica gel 60 F impregnated with Cu^ ,^ Ni"^ "^ , Fe^ ^ cations 
[7], silica gel 60 F impregnated with zinc ferrocyanide [8], silica gel 
impregnated with different transition metal ions [9], silver ion impregnated 
silica gel [10-11], Silica gel G impregnated with Cu-arginine complex [12] 
have been found very useful for the resolution of multi-component mixtures of 
aromatic hydrocarbons, bile acids, aromatic amines, purines, trans fatty acids 
and racemic fi-adrenergic blocking agents respectively. During our studies on 
the use of aqueous salt solutions as impregnants and eluents in TLC of metal 
cations we found that the impregnated silica gel layers were more selective 
than plain silica layers and more compact spots were obtained when the 
aqueous salt solutions were used as impregnants rather than as mobile phase. 
As regards to the TLC analysis of surfactants pure hydrous solids and hydrous 
solids impregnated with silicon or paraffin oil [13-16] and chemically bonded 
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reversed phase[17] sorbent phases have been used as stationary phase in 
combination with mixed organic and aqueous-organic mobile phase. 
Surprisingly, no work has been reported on the use of metal cation 
exchanged silica gel as layer material in the analysis of surfactants. However, 
silica gel impregnated with aqueous solution of ammonium sulphate has been 
used for the analysis of nonionic surfactants [18]. The present work is an 
attempt to utilize the metal cation exchanged silica gel as stationary phase in 
the analysis of cationic and nonionic surfactants using a simple aqueous 
acetone as mobile phase. Silica gel has been impregnated with aqueous salt 
solutions having metal cations in various valency states. Thus chlorides (Li^ , 
Ni^ ^and Ba^ )^, nitrates (Mg^ a^nd Th^ )^ and sulphates (Cu^ "", Zn^ '^ and Co^ )^ 
were used as impregnants at 1% concenteration level. Co^ "^  was found to be the 
most useful impregnant for resolution of mixtures of surfactants belonging to 
the same group (nonionic) or to different groups (cationic- nonionic). The 
proposed method is simple, rapid, selective and applicable to commercial 
formulations. 
7.2 EXPERIMENTAL 
All experiments were performed at 30 ± 2° C. 
Chemical and Reagents 
All chemicals were analytical reagent grade. Acetone was purchased 
from Qualigens (India). 
Surfactants Studied 
Brij-35 (BJ-35), brij-57 (BJ-57), tween-20 (TW-20), cween-20 (CW-
20), cetylpyridinium chloride (CPC), tetradecyltrimethylammonium bromide 
(TTAB) 
Test Solutions 
Solutions (0.5g per 100 mL) of the surfactants were prepared in 
methanol. 
Detector 
Dragendroff reagent. 
134 
chapter-7 
Chromatographic Systems 
Mobile phase 
Double distilled water (DDW), acetone and acetone + DDW (1:1, v/v) 
Stationary phase 
The stationary phases were: 
(a) Plain silica gel 'G' 
(b) Silica gel 'G' impregnated with 1% aqueous solutions of LiCl, 
Mg(N03)2, ZnS04, CUSO4, C0SO4, NiCl2, BaCli and Th(N03)4 
Preparation of TLC plates 
(a) Plain silica gel plates were prepared using the method reported earlier 
[19]. 
(b) The impregnated plates were prepared by mixing an aqueous solution of 
1% LiCl, Mg(N03)2, ZnS04, CUSO4, C0SO4, NiCb, BaCl2 and 
Th(N03)4 with silica gel 'G' in 3:1 ratio. Thin layers were prepared in a 
similar fashion as described for plain silica gel plates. 
Procedure 
Test solutions (10 i^L) were applied by means of micropipette 
approximately about 2.0 cm above the lower edge of the plates. The plates 
were developed in the solvent system by the ascending technique. The solvent 
ascent was fixed to 10 cm in all cases. After development was complete the 
plates were withdrawn from glass jars and dried at 30 ± 2*'C followed by 
spraying the detector. The surfactants appeared as orange spots on the plates on 
spraying the detector. The surfactants were identified on the basis of their Rp 
values; calculate from the RL (RF of leading front) and Ry (RF of tailing front) 
of each spot. 
RF=0.5(RL+RT) 
For separation of the two surfactants equal volumes of both the 
surfactants were mixed together. Aliquot (lOfxL) of the mixture was spotted on 
TLC plates which were developed with acetone + DDW (1:1, v/v). The spots 
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were detected and Rp values of the spots of separated surfactants were 
calculated. 
To examine the effect of presence of optical brightener sample, on the 
separation of surfactants, standard test solutions of nonionic surfactants (BJ-35 
and BJ-57) were spotted on TLC plate followed by spotting of the sample. The 
plates were developed with acetone + DDW (1:1, v/v) on silica gel 
impregnated with cobalt sulphate layer. The spots were detected and the Rp 
values of separated surfactants were calculated. 
7.3 RESULTS AND DISCUSSION 
The main features of this study include (i) the use of metal cation 
exchanged silica gel as new stationary phase in the analysis of nonionic and 
cationic surfactants using simple aqueous acetone solvent system, (ii) 
realization of separation of cationic and nonionic surfactants mutually and (iii) 
examination of effect of important additives generally found in surfactant 
formulations on the separation of surfactants mixtures. 
Nonionic surfactants are widely used in heavy-duty laundry and are the 
main ingredients for use in builders, optical brighteners, bleaching agents, anti-
redeposition agents, fabric softeners, paints and agrochemicals. Cationic 
surfactants are also used as fabric softeners and antiseptic components in 
medicines. The presence of a surfactant as impurity offers the deleterious effect 
on the performance of other surfactant and hence removal of nonionic 
surfactants from cationic surfactants and vice-versa is important before putting 
them on practical use. In view of this, thin layer chromatography of four 
nonionic as well as two cationic surfactants was performed on pure silica gel 
(unimpregnated) as well as on silica gel impregnated with 1% concentration of 
aqueous salt solutions of chlorides (Li^ , Ni^ ^ and Ba^ )^, nitrates (Mg^ ^ and 
Th''^ ) and sulphates (Cu^^ , Zn^ ^ and Co^ )^ using mobile phase acetone and 
double distilled water in the ratio of 1:1. The aqueous acetone system was 
selected as we could not realize the differential migration of surfactants on pure 
silica gel layers with double distilled water (DDW) and pure acetone. On pure 
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silica layers developed with double distilled water, all nonionic and cationic 
surfactants remained at the point of application. However, when distilled water 
was substituted with pure acetone as mobile phase three nonionic surfactants 
(BJ-35, BJ-57 and TW-20) produce badly tailed spots (RL- RT > 0.3) but CW-
20 forms a compact spot with Rp value of 0.17. Cationic surfactants (CPC and 
TTAB) show lower mobility with Rp values 0.03 and 0.12 respectively. With 
aqueous acetone (H2O + acetone, 1:1, v/v) as mobile phase, all the nonionic 
surfactants appeared as tailed spots and cationic surfactants remain at the point 
of application (Rp = 0.05). Since plain silica gel layers could not produce 
satisfactory results with the mobile phases used, it was decided to utilize metal 
cation exchanged silica gel layers as stationary phase. 
The chromatography was performed on different metal cation 
exchanged silica phases using acetone-water (1:1, v/v) as mobile phase and the 
obtained results are presented in Table 7.1 from where it is evident that the 
mobility of nonionic and cationic surfactants on silica gel layers impregnated 
with 1% aqueous solutions of Li"^ , Mg^ ,^ Zn^ "^ , Cu^ "^ , Co^ "^ , Ni^ "^ , Ba^ "^ and Th''"^  is 
controlled by the nature of impregnated cations. The main points are 
summarized below: 
(a) On silica gel layers impregnated with lithium chloride (Li"^ - silica gel), 
all nonionic surfactants show higher mobility and cationic surfactants 
(CPC and TTAB) produce tailed spots due to their partial exchange with 
Li^ cation. 
(b) On magnesium nitrate impregnated silica layer (Mg - silica gel), all the 
nonionic surfactants moved with higher Rp values ranging from 0.44 to 
0.79 but the mobility of cationic surfactants (CPC and TTAB) obtained 
was comparatively lower with Rp values 0.16 and 0.23 respectively. 
(c) Zinc sulphate impregnation (Zn^ -^ silica gel) also show higher mobility 
of nonionic surfactants with Rp values 0.74 and cationic surfactants CPC 
and TTAB show lower mobility with Rp values 0.28 and 0.30 
respectively. 
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(d) The results on copper sulphate impregnation (Cu^ "^ - silica layer) show 
higher Rp values of both nonionic as well as cationic surfactants with Rp 
values ranging from 0.56 to 0.77 except one nonionic surfactant i.e. -
CW-20 which produces double spots. 
(e) On silica gel layers exchanged with cobalt sulphate (Co^ "*^  - silica layer), 
nonionic surfactants migrate faster giving higher Rp values whereas 
cationic surfactants show lower mobilities. 
(f) Nonionic surfactants also show higher mobility with Rp 0.76 except 
CW-20 which produces spot at Rp value of 0.44 and cationic surfactants 
show lower Rp value on silica gel impregnated with nickel chloride 
(Ni^ "^ - silica layer), 
(g) Generally, barium chloride impregnation (Ba - silica layer) causes the 
formation of badly tailed spots of nonionic (TW-20 and CW-20) and 
cationic (CPC) surfactants. BJ-35 produces a compact spot with Rp 
value 0.75, BJ-57 produces double spots due to the separation of 
polyoxyethylene molecules of variable molecular weights and TTAB 
(cationic surfactant) remains near the point of application (Rp=== 0.08). 
(h) On thorium nitrate exchanged silica layers (Th'*"^ - silica gel), nonionic 
surfactants BJ-57 and TW-20 produce double spots and tailed spot 
respectively whereas, BJ-35 moves with higher Rp value of 0.75 and 
CW-20 show lower mobility with Rp value 0.28. One cationic surfactant 
i.e. - CPC produces tailed spot due to weaker sorption on the stationary 
phase and the other one (TTAB) remain at the point of application. 
Thus, the chromatographic behavior of cation exchanged silica layers 
such as Mg^ "^ - silica, Zn^ "^ - silica and Ni^^- silica was almost identical towards 
all surfactants under study. Similarly, the behavior of Th"*^  and Ba^ -^ silica 
layers was identical. In all the cases, cationic surfactants show little mobility as 
compared to nonionic surfactants. In contrast, the mobility of cationic 
surfactants was almost similar to the mobility of nonionic surfactants. Thus 
Cu^ "^ - silica gel is unsuitable for separating surfactants. It reflects that Cu^^  in 
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aqueous phase behaves differently than other bivalent cations (Mg^ "*^ , Zv^^ and 
Ni ) probably due to distorted octahedral geometry. 
The cationic surfactants due to their lower mobility (or Rp value) can be 
easily separated from nonionic surfactants which migrate with mobile phase 
showing high Rp value. Some of such separations achieved experimentally, 
have been recorded in Table 7.2. The low mobility of cationic surfactants may 
be attributed to their ion exchange behavior with the cations of impregnated 
silica gel surface. However, nonionic surfactants being neutral are not 
exchanged and migrate through silica gel phase. The magnitude of exchange of 
surfactants with the cation of silica gel depends upon the nature of the cation 
associated with silica phase. The partial exchange results in the formation of 
tailed or diffused spots whereas the compact spot formation results due to 
complete exchange (in case of cationic surfactants) or complete transfer (in 
case of nonionic surfactants). Occasional appearance of double spots in certain 
cases of nonionic surfactants is probably due to resolution of components 
present in the molecule. 
The interesting aspect of present study is the examination of effect of 
important additive usually found in surfactant formulation on the separation of 
BJ-35 from BJ-57. Well resolved spots for both surfactants were realized in the 
presence of optical brightener (Coleen). 
7.4 CONCLUSION 
A most favorable chromatographic system comprising of silica gel 
impregnated with Co^ "^  (Co^ "^  - silica layer) as stationary phase and aqueous 
acetone as a simple mobile phase is identified for the mutual separation of 
nonionic surfactants (BJ-35 and BJ-57) as well as for the resolution of mixtures 
containing cationic and nonionic surfactants. The simultaneous identification of 
BJ-35 and BJ-57 in the presence of optical brightener (Coleen) with 
preliminary separation is always possible. 
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Table 7.2: Separations achieved experimentally on Co^ ^ - silica layers using 
acetone-water (1:1, v/v) as eluent 
Cation exchanged silica Separation (Rp) 
Mg^ "^ - silica CPC(0.14)-BJ-35(0.77) 
TTAB(0.23)-BJ-35(0.66) 
CW-20 (0.42)-BJ-35 (0.78) 
Zn^ -^ silica CPC (0.25)-BJ-35 (0.74) 
CPC (0.24)-TW-20 (0.78) 
,2+ Co -silica BJ-57 (0.48)-BJ-35 (0.91) 
TTAB (0.25) - CW-20 (0.80) 
CPC (0.13)-TW-20 (0.68) 
BJ-57 (0.45)-CW-20 (0.78) 
Ni^ "^ - silica CPC (0.14)-BJ-35 (0.75) 
CPC (0.14)-TW-20 (0.79) 
,2+ Ba - silica TTAB (0.08)-BJ-35 (0.72) 
Th^ -^ silica TTAB (0.09)-BJ-35 (0.74) 
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Abstract Thin layer chromatography of cationic and 
nonionic surfactants was performed on kieselguhr 'G' 
layers. Eight amino acids at three different concentration 
levels were used as aqueous mobile phase systems to 
examine the chromatographic behavior of cationic and 
nonionic surfactants. Among mobile phases used, a 0.01% 
methionine solution was found most suitable for the sep-
aration of cetylpyridinium chloride (CPC) from the mixture 
of nonionic surfactants on kieselguhr layers. The separation 
is not influenced by the presence of metal cations as 
impurities in the sample. None of the dyes, except 
ammonium purpurate and malachite green, hamper the 
separation. The exposure of the sample to UV radiation 
{X = 254 nm) also does not have any adverse effect on the 
separation of CPC from TritonX-100 and Brij-35. The Rp 
values of surfactants were found to vary marginally on 
substitution of L-methionine by its o-isomer in the mobile 
phase or by the change in pH of the mobile phase (0.01% 
L-methionine) from 2.9 to 8.8. The proposed method can 
also be used for preparative thin layer chromatography. 
Keywords Cationic-nonionic surfactants • Amino acids • 
TLC • Kieselguhr 
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Introduction 
The separation of surfactants has attracted substantial 
attention in recent years because of their medicinal, 
industrial and conmiercial importance. As surfactants are 
prone to concentrate at interfaces and tend to bind to 
anything available, the analysis of surfactants therefore 
becomes very important for assessing their purity. The 
increasing use of surfactants in several commercial 
products requires the development of analytical methods 
that enable simultaneous separation and purification. Most 
commercial surfactant-containing products are a mixture 
of several components and hence simple and rapid 
methods of separation are always required for their 
identification. 
A large body of literature has described methods for 
the separation, detection and quantification of surfactants. 
Gas chromatography [1], high performance liquid chro-
matography [2], ion-pair chromatography [3], capillary 
electrophoresis [4, 5], ion-exchange chromatography 
[6, 7], conductometry [8], spectrophotometry [9] and thin 
layer chromatography [10-12] have all been used for this 
purpose. With the exception of TLC, other techniques are 
expensive and require the use of specialized equipment. 
Because of the rapidity, cost effectiveness, reasonable 
separation power, broader applicability, sensitive post 
chromatographic detection and requirement of small 
sample size, TLC has retained its status as a valid and 
simple analytical technique for qualitative and quantitative 
analysis of surfactants. In general, separations of surfac-
tants have been performed on TLC plates coated either 
with a polar stationary phase, most frequently silica gel 
[13,14] or on a non polar phase like RP18 [15]. However, 
other layer materials like alumina [16, 17] or chemically 
modified phases like amino propyl-modified silica or RP2 
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[ 18] have also been used. All the TLC studies reported in 
the literature involve the use of mixed organic or aqueous-
organic systems as mobile phases. In most of the cases 
volatile organic solvents such as ethanol [19], methanol 
[20], acetone, carbon tetrachloride, benzene [21] and 
chloroform [22] have been used as one of the components 
of mobile phases. It is, therefore, desirable to identify 
aqueous mobile phase systems free from organic compo-
nents in order to obtain more reproducible results. 
The aim of the present work was to develop a simple 
and rapid TLC method for the separation of cationic sur-
factants from multi-component mixtures of nonionic 
surfactants. As a result, a TLC system comprising of 
kieselguhr as the stationary phase and 0.01% aqueous 
methionine as the mobile phase has been developed for 
identification of cetylpyridinium chloride (CPC), a cationic 
surfactant, in the presence of nonionic surfactants with 
preliminary separation on a kieselguhr layer. Kieselguhr, a 
neutral sorbent with low surface activity has been utilized 
in interesting separations of aflatoxins, herbicides and 
tetracyclines [23]. As far as we arc aware, no work has 
been reported on the use of kieselguhr as the stationary 
phase in the analysis of surfactants and it is the first report 
on this aspect. Amino acids were chosen as the mobile 
phase component because of their amphipathic nature and 
hence they are compatible with the test substances (i.e. 
surfactants). Thus, the combined effect of the electrostatic 
interaction between the amino acid and the ionic or polar 
head group of the surfactant and the hydrophobic interac-
tion between the alkyl group of the amino acid and the 
hydrophobic part of the surfactant results in unique sepa-
ration selectivity. Our previous studies indicate the 
excellent chromatographic performance of an amino acid-
containing mobile phase system in resolving a mixture of 
Au^^, Cu^ "*" and Ag"*^  on silica gel layer [24]. It was 
therefore, thought worthwhile to utilize the analytical 
potential in the analysis of surfactants. It is unique com-
bination of the use of an amphipathic eluent in the analysis 
of amphipathic analytes. 
Chemicals and Reagents 
All chemicals were analytical reagent grade. Methanol and 
acetone were purchased from Qualigens and ethanol and 
1,4-dioxane were purchased from Merck India. 
Amino Acids Studied 
L-Valine (L-Val), Arginine (Arg), L-Alanine (L-Ala), 
L-Methionine (L-Met), o-Methionine (o-Met), L-iso-Leucine 
(L-I Le), Glycine (Gly), L-Cystine (t-Cys-Cys), L-Leucine 
(L-Leu). 
Surfactants Studied 
Triton X-100 (TX-lOO), Brij-35 (BJ-35), Brij-57 (BJ-57), 
Brij-78 (BJ-78), Brij-98 (BJ-98), Tween-20 (TW-20), 
Cween-20 (CW-20), Cween-40 (CW-40), Cween-60 
(CW-60), cetylpyridinium chloride (CPC), tetradecylam-
monium bromide (TTAB), cetyl-trimethyl ammonium 
bromide (CTAB), hexadecyltrimethylammonium chloride 
(HDTAC), dodecyltrimethylammonium bromide (DTAB). 
While Tween-20, Cween-20, Cween-40 and Cween-60 
are polyoxyethylene (2) sorbitan monolaurate, polyoxy-
ethylene (20) sorbitan monolaurate, polyoxyethylene (20) 
sorbitan monopalmitate and polyoxyethylene (20) sorbi-
tan monooleate respectively purchased from CDH 
(India). 
Dyes Used 
Bromopyrogallol red, ammonium purpurate, congo red, 
malachite green, safranin, metanil yellow and light green. 
Test Solutions 
Solutions (0.5 g per 100 mL) of surfactants were prepared 
in methanol. The solutions of amino acids were prepared in 
double distilled water. 
Experimental Procedures 
All experiments were performed at 30 ± 2 °C. 
Apparatus 
A TLC applicator (Toshniwal, India) was used for coating 
kieselguhr 'G' on 20 x 3,5 cm glass plates. The chromato-
graphy was performed in 24 x 6 cm glass jars. A glass 
sprayer was used to spray reagent on the plates to locate the 
position of the spot of analyte. 
Detector 
Dragendorff reagent. 
Stationary Phase 
Kieselguhr 'G' (CDH India). 
Mobile Phase 
The mobile phases used in present study include double 
distilled water (Mj); 1.0, 0.1 and 0.01% aqueous solutions 
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of L-valine (M2-M4), L-arginine (M5-M7), L-alanine (Mg-
Mio), L-methionine (Mn-Mn), D-methionine (Mna) and 
L-iso-leucine (M23-M25) and aqueous L-methionine plus 
acetone (M26-M29), ethanol (M30-M34) or 1,4-dioxane 
(M34-M37) by volume respectively. 
Preparation of TLC Plates 
The plates were prepared by mixing kieselguhr 'G' with 
water in 1:3 ratio with constant shaking until homogenous 
slurry was obtained. The resultant slurry was applied on the 
glass plates with the help of a TLC applicator to give a 
0.25 mm thick layer. The plates were dried in air at room 
temperature and then activated by heating for 1 h at 
100 ± 2 °C in an electrically controlled oven. The acti-
vated plates were stored in a closed chamber at room 
temperature until used. 
Procedure 
Test solutions (10 jtL) were applied by means of micro-
pipette approximately about 2.0 cm above the lower edge 
of the plates. The plates were developed in the chosen 
solvent system by the ascending technique. The solvent 
ascent was fixed to 10 cm in all cases. After development 
was complete the plates were withdrawn from glass jars 
and dried at 30 ± 2 °C followed by spraying with freshly 
prepared Dragendorff reagent. All surfactants appeared as 
orange spots on spraying the detector on the plates. 
For separation of CPC (a cationic surfactant) in the 
presence of nonionic surfactants, equal volumes of non-
ionic surfactants (TX-lOO, BJ-35, BJ-57, BJ-78 and BJ-98) 
were mixed together and 1 mL of it was thoroughly mixed 
with 1 mL of cationic surfactants (CPC). Aliquot (10 ^L) 
of the final mixture (CPC plus nonionic surfactants mix-
ture) was spotted on TLC plates which were developed 
with mobile phase M13 (0.01% L-methionine). The spots 
were detected and Rp values of the spots of separated 
surfactants were calculated. 
To examine the effect of UV radiation on sample 
stability, two sets of mixtures of surfactants (CPC -I-
TX-100 -I- BJ-35) were prepared. One set was kept in the 
dark and the other one was exposed to UV radiation 
(A - 254 nm) for 24 h. The Rp values of both samples 
were noted after performing chromatography. 
The effect of the presence of cations (as impurities) on 
the separation of surfactants was also studied. For this 
purpose, standard test solutions of surfactants (CPC i.e. 
cationic surfactant, TX-lOO and BJ-35 i.e. nonionic sur-
factants) were spotted on TLC plate followed by spotting 
of the cations as an impurity. The plates were developed 
with Mi3 mobile phase, the spots were detected and the Rp 
values of separated surfactants were calculated. Different 
dyes were also added as an impurity. Surfactants being 
amphiphilic molecules react with dyes through electrostatic 
interactions. Thus, dyes are supposed to influence the 
mobility of surfactants. Therefore, the separation of sur-
factants from their mixtures was examined in the presence 
of dyes for broaden the applicability of the proposed 
method. 
Results and Discussion 
Cationic surfactants are commonly used as fabric softeners 
and antiseptic components in medicines. On the other hand, 
nonionic surfactants are popular ingredients for use in 
heavy-duty laundry and are widely used in emulsion 
polymerization, paints, coatings and agrochemicals. The 
performance of a surfactant is influenced by the presence of 
other surfactant as impurities and hence the removal of non 
ionic surfactants from cationic surfactants and vice-versa is 
important before their specific use. Thin layer chromatog-
raphy of 14 (nine nonionic and five cationic) surfactants 
was performed on kieselguhr 'G' TLC plates using 37 
mobile phases. From the results obtained the following 
conclusions can be drawn. 
1. The cationic surfactants on kieselguhr 'G' layer 
developed with double distilled water (Mi) produce 
tailed spots due to weaker sorption on the stationary 
phase whereas nonionic surfactants generally produce 
double spots as a result of the separation of polyoxy-
ethylene molecules of variable molecular weights. 
2. In amino acid-containing mobile phases, cationic 
surfactants such as CPC (C16H33 NC5 H5CI), CTAB 
(C,6H33 N (CH3)3 Br) and HDTAC (C16H33 N 
(CH3)3C1) remain very close to the point of application 
{Rp = 0.05). Other cationic surfactants i.e. TTAB 
(C,4H29 N (CH3)3 Br) and DTAB (C,2H25 N (CH3)3 
Br) show higher mobility. Compared to CTAB, DTAB 
show higher mobility (Rp = 0.5) in mobile phases 
containing cystine. This observation reveals the depen-
dency of mobility (or Rp value) of surfactants on the 
alkyl chain length and the number of alkyl groups. As 
the number of alkyl groups increases, the mobility of 
surfactant decreases. This finding is consonant with the 
results obtained by Paesen et al. [25]. 
3. Nonionic surfactants show almost identical mobility in 
all amino acids containing mobile phases (M2-M25). A 
few surfactants also produce double spots. Thus, the 
proposed method is not suitable for simultaneous 
separation of surfactants belonging to the nonionic 
group. 
4. More compact and brighter spots for the surfactants 
were noticed on kieselguhr TLC plates with aqueous 
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methionine (M11-M13) as the mobile phase. Methio-
nine is more effective because of its specific nature due 
to the presence of a thioether group. It contains a 
nonpolar side chain which promotes hydrophobic 
interactions. 
In order to understand the effect of the concentration of 
amino acids taken in the mobile phase on the mobility of 
surfactants, chromatography of the surfactants was per-
formed with aqueous mobile phases containing different 
concentrations (0.01-1%) of amino acids. The results 
obtained clearly indicate that the mobility of surfactants 
depends strongly upon the concentration level of the amino 
acids in the mobile phase. Amongs the amino acids used, 
methionine was the most effective in modifying the 
mobility pattern of surfactants. Generally, Tween-20 and 
Cween-40 or Cween-60 produce double spots indicating 
the presence of two components. 
With two-component mobile phase systems (M26-M37) 
comprising 1% L-methionine and acetone, ethanol or 1,4-
dioxane, the mobility of the surfactants was found to increase 
with increasing concentrations (or volume %) of acetone, 
ethanol or 1,4-dioxane. The mobile phase, M37 containing 
40% 1,4-dioxane produces trailed spots for cationic surfac-
tants whereas that containing 80% 1,4-dioxane (M34) 
produces highly compact spots and shows higher Rj: values. 
Highly compact spots for both cationic and nonionic sur-
factants at all concentration levels of acetone arise. The 
mobility of CPC, CTAB, HDTAC and DTAB increases with 
the increase in concentration of acetone in the mobile phase. 
The mobility of nonionic surfactants is not influenced by the 
change in acetone concentration and all surfactants migrate 
with the solvent front. In the case of ethanol containing 
aqueous amino acids as the mobile phase, the mobility of the 
cationic surfactant (CPC, CTAB, TTAB, HDTAC and 
DTAB) increases with the increase in ethanol concentration 
whereas non ionic surfactants show higher mobility at all 
concentration levels of ethanol. From the separation point of 
view, aqueous amino acid solutions with aprotic organic 
solvent (i.e. —1,4-dioxane or acetone) are not suitable 
whereas amino acid eluents containing pro tic organic solvent 
(ethanol) may be tfted for separation. However, the separa-
tion possibilities are hampered at higher concentration (i.e. 
60% acetone or ethanol). However, 0.01% methionine was 
selected as the simplest mobile phase for separation of cat-
ionic surfactants from nonionic surfactants with high 
reproducibility (variation in the ^ F value = ±5%). 
The separation of CPC from a mixture of nonionic 
surfactants was investigated at various time intervals for 
24 h. The results clearly indicate that the separation of 
CPC from the mixture of nonionic surfactants is possible 
even if the sample is chromatographed after 24 h of mixing 
of the surfactants. Similarly, the sample exposure to UV 
radiation of 254 nm or keeping it in the dark for a period of 
12 h, does not hamper the separation of CPC (Rp = 0.05) 
from TX-lOO plus BJ-35 (Rp 0.80). The examination of the 
separation of a surfactant mixture (CPC -I- TX-lOO -t-
BJ-35) after storing for 24 h under UV radiation also shows 
desired results forming well-separated spots for CPC 
(Rp = 0.04) and for TX-lOO plus BJ-35 (Rp = 0.66). 
Separation of CPC from a mixture of TX-lOO and BJ-35 
was also investigated in the presence of metallic cationic 
and organic dyes. The separation is not hampered by the 
presence of metal cations or certain dyes as an impurity in 
the sample or analyte. However, the presence of ammo-
nium purpurafe or malachite green dye influences the 
separation as no separate spot corresponding to the mixture 
of TX-lOO and BJ-35 is observed on the TLC plate whereas 
CPC remained at its usual position (Rp = 0.04). 
On substitution of the L-form of methionine by the 
D-form in the mobile phase, the Rp values of surfactants 
were found to vary marginally with a maximum variation 
of ±0.16 from their original values. Likewise, the change 
in pH of the mobile phase in the range of 2.9-8.8 brings 
about a change of ±0.1 in the Rp values of individual 
surfactants. 
Thus, identification and separation of cetylpyridinium 
chloride, the cationic surfactant is achieved experimentally 
on kieselguhr 'G' TLC plate using 0.01% aqueous 
L-methionine as the mobile phase. 
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